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ABSTRACT 
The synthesis of [S-(R* ,R*)]- or (R* ,R*)-(+)-[Pt(OS02CF3)2 { 1,2-
C6H4(PMePh)2}] has been achieved by the reaction of [S-(R* ,R*)]- or (R* ,R*)-
[PtMe2 { 1,2-C614(PMePh)2}] with trifluoromethanesulfonic acid. The molecular 
structure of the bis(triflato) complex was established by X-ray crystallography. In the 
solid state, each triflato group is coordinated to the platinum(II) as a unidentate 
through oxygen. The triflato ligands in the bis(triflato)platinum(II) complex are 
completely dissociated in acetone and in methanol, but they are only partially 
dissociated in nitromethane; in dichloromethane the complex is a null-valent 
electrolyte. 
The synthesis of the first structurally characterized simple alcohol complex of 
platinum(II), [S-(R* ,R*)]-[Pt(HOCH2CH20H) { 1,2-C6Il4(PMePh)2} ](OS02CF3)2 
has been achieved by treating the optically active bis(triflato)platinum(II) complex with 
a stoichiometric amount of 1,2-ethanediol. The corresponding racemate was also 
prepared. The 1,2,3-propanetriol complexes [S-(R* ,R*)]- and (R* ,R*)-
[Pt(HOCH2CH(OH)CH20H) { 1,2-C6J4(PMePh)2} ](OS02CF3)2 were prepared in 
an analogous manner. X-ray crystal structure determinations of the alcohol complexes 
revealed that the 1,2-ethanediol and 1,2,3-propanetriol ligands were coordinated to the 
platinum(II) as 1,2-diols. In a similar fashion, the triflato ligands were displaced by 
1,2-ethanediamine, 2-aminoethanol, and 2-amino-1,3-propanediol to give the 
respective derivatives as triflate salts. 
Deprotonation of the (1,2-diol)platinum(II) complexes with sodium 
methoxide afforded neutral 1,2-ethanediolato-O ,0- and 1,2,3-propanetriolato-10 ,20-
platinum(II) complexes. The complex [S-(R* ,R*)]-[Pt(OCH2CH-(O)CH20H) { 1,2-
C6H4(PMePh)2} ], which exists in solution as a mixture of two diastereomers, 
epimeric at the methine-C, reacts with tetracyanoethylene to give ( + )539-2,2-
clicyanomethylene-1,3-clioxolane-4-methanol in 42% enantiomeric excess. If the 
optically active (glycerolato-10, 20)platinum(II) complex is reacted with benzyl 
-VI-
halides, symmetrical 1,3-diphenylmethoxy-2-propanol is formed in high yield, 
however, if the complex is first treated with one equivalent of trifluoromethanesulfonic 
acid, benzylation with benzyl trifluoromethanesulfonate gives (-)5g9-3-phenyl-
methoxy-1,2-propanediol in 51 % enantiomeric excess. 
The bis(triflato)platinum(II) complex also reacts with sodium salts of a-
amino carboxylic acids and salicylaldehyde to give derivatives of potential importance 
for asymmetric synthesis. 
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FORMAT AND NOMENCLATURE 
The format of this thesis is based upon the text and notation seen in current 
editions of Inorganic Chemistry. The nomenclature used is consistent with that 
recommended in the Chemical Abstracts Index Guide. I I I A brief resume of the 
relevant principles is outlined below: 
(i) Assignment of absolute terms (descriptors) R and S is consistent with the 
Sequence Rule specifications of Cahn et al. 79 
(ii) The relative descriptors R* and S* are similar to R and S but are relative in 
that the lowest numbered (or first cited) asymmetric centre is arbitrarily 
assigned an R* descriptor. 
(iii) These descriptors are employed to express the total stereochemical 
information for a chemical substance as follows: 
(a) Absolute configuration -When only one chiral element is present, the 
absolute descriptor R or Sis cited in parentheses and followed by a 
hyphen, example (R)- or (S)-. When two or more chiral elements are 
present, the reference centre is assigned an R or S descriptor. This 
reference centre is the centre which has the highest ranking according to 
the Sequence Rule. 
(b) Optical rotations (descriptors(+),(-), or (+))-When the absolute 
stereochemistry is described by (a), the sign of rotation is omitted. For 
substances having more than one asymmetric centre, the sign of 
rotation is cited together with a relative descriptor. 
(iv) The absolute descriptor is cited first, followed by the relative descriptors, if 
any, in parentheses. The entire descriptor is then bracketed. 
(v) For coordination compounds, however, additional special descriptors are 
needed to express the stereochemistry. For mononuclear complexes the 
special coordination descriptors comprise (a), a system indicator to express 
-XIV-
the molecular geometry aoout the nuclear atom; and (b ), a configuration 
number to identify the atoms on each axis and plane of the system. 
(a) System indicators -The descriptor SP-4 is used for square-planar 
complexes. 
(b) Configuration numbers -Assignment of configuration numbers 
depends first on the application of the Sequence Rule to determine the 
order of priority of the atoms coordinated to the metal atom. Chiral 
ligands, otherwise identical, are ranked with the R- form above the S-
form. 
(vi) Configuration numbers for square-planar complexes are assigned as 
follows - the ligating atoms at the corner of a square are ranked numbers 
1 - 4 and the rank number of the atom diagonally opposite the senior atom (1) 
is cited as the configuration number. 
(vii) Configuration numbers are placed after the system indicators. These are 
followed by the absolute and relative descriptors. The entire descriptor is 
then bracketed. 
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CHAPTER ONE 
INTRODUCTION 
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1.1 General 
It has long been recognised that the vast majority of complex molecules exist 
as enantiomers. Enantiomers are chiral molecules that are related as non-
superimposable mirror images. The biological activity of one enantiomer invariably 
differs from that of its mirror image. For example, while the S-enantiomer of 
asparagine tastes bitter, the R-enantiomer is sweet. Despite both enantiomers of 
sucrose being equally sweet, only the naturally occurring D-enantiomer is 
metabolised, making the L-enantiomer a potential dietary sweetener. 
These differences in the biological properties of enantiomers have important 
implications in the pharmaceutical and agrochemical industries as often only one 
enantiomer shows effective activity, the other is usually associated with undesirable 
side-effects. The thalidomide tragedy in 1963 was caused by the consumption of the 
racemic drug. One enantiomer of thalidomide exhibits beneficial effects against 
morning sickness whereas its mirror image is a teratogen. The ill-fated incident bears 
testimony to the need for pharmacological testing of individual enantiomers in the drug 
industry. Growing demand for enantiomerically pure compounds is also evident in 
the areas of molecular electronics, optical data storage, and polymer science. I 
In a tetrahedral achiral molecule (a molecule which is superimposable on its 
mirror image) such as ethyl chloride, replacement of one or the other of the hydrogen 
atoms on the methylene carbon centre by some other group or atom, Y, affords one or 
the other of a pair of enantiomers as shown below. 
replacement of Ha 
Ha and Hb: enantiotopic hydrogen atoms of ethyl chloride 
The pair of hydrogen atoms in ethyl chloride are described as enantiotopic or 
prochiral. 2 
.. 
-3-
Enantiotopicity is not restricted to tetrahedral molecules alone. In molecules 
containing planar functional groups such as alkene or carbonyl compounds, there are 
two possible faces to which an atom or group can add. For example, the nucleophilic 
addition of nucleophile Z to one or the other of the faces of acetaldehyde, as illustrated 
below, results in the formation of one or the other of a pair of enantiomers. 
* --...j 
~ 
-.. II .-.......: -
* /-H 
V 
l 
nucleophilic addition 
ofZ 
* : denotes enantiotopic faces of acetaldehyde 
The two faces of acetaldehyde are said to be enantiotopic or prochiral.2 
Syntheses of enantiomeric compounds that preferentially form one of two or 
more alternative products are termed enantioselective. A completely enantioselective 
reaction is one which results in the exclusive formation of one enantiomer only. On 
the other hand, a reaction is termed enantiospecific if starting matertials differing only 
in their enantiomerism are converted into enantiomerically different products.3 
For a sample that contains a mixture of enantiomers, optical purity of the 
enantiomeric mixture can be determined by dividing the observed rotation, [a ]obs, by 
the rotation of the pure enantiomer, [a]pure, as illustrated below:4 
Percent optical purity 
[a]obs 
[ a]pure 
X 100 
-4-
For mixtures of enantiomers in which the optical rotation of the pure 
enantiomer is not known, conversion of the enantiomeric mixtures into diastereomeric 
derivatives which have differing chemical and physical properties allows the 
predominance of one enantiomer over the other in the original mixture to be 
determined as percent enantiomeric excess:4 
Percent enantiomeric excess 
[R] - [S] 
[R] + [S] X 100 
Assuming a linear relationship between the optical rotation and the 
composition of enantiomers, percent optical purity can be equated with percent 
enantiomeric excess. 3 
The production of enantiomerically pure compounds invariably requires the 
intervention of some source of chirality. A chemical group that is employed for the 
purpose of inducing chirality and hence enantioselectivity into a reagent is termed a 
chiral auxiliary .1 
Two essential classes of selectivities governing synthetic pathways to 
optically pure compounds are: 
(a), enantioselectivity - the preferential production of one enantiomer over 
the other, and 
(b), diastereoselectivity - the preferential production of one diastereomer 
over the other. 
The four major methods of producing enantiomerically pure compounds are 
as follows: 1 
(i) Resolution based upon separation of diastereomeric forms 
This method involves the use of a chiral molecule to convert a racemic 
mixture into diastereomeric derivatives which can be separated by virtue of some 
difference in their physical properties. The most commonly exploited physical 
difference in separation procedures of diastereomers is the difference in solubility of a 
-5-
crystalline derivative; however, differences in boiling points or chromatographic 
adsorption have also been sought in separation procedures. 
(ii) Using enantiomerically pure natural products 
An extensive array of optically pure natural products have served as chiral 
building blocks in the synthesis of enantiomerically pure molecules. Carbohydrates 
probably constitute the most popular category of naturally occurring compounds that 
have been employed to transmit chiral information to prochiral precursors of 
enantiomerically pure products. Although other naturally occurring products such as 
amino acids, hydroxy acids, and terpenes have been used, the ready availability of 
sugar molecules and the presence of numerous asymmetric centres in them allows for 
great versatility in the formation of new asymmetric centres in enantiomeric products. 
(iii) Enzymatic methods 
Most of the machinery of cells in living organisms is made up of enzymes. 
Enzymes are defined as catalytic proteins that control the rates of biological reactions. 
The well-defined configuration of naturally occurring amino acids that form the 
backbone of proteins dictate the three dimensional shape of the enzyme and thus the 
manner in which they bind to substrate molecules to catalyse the synthesis of 
enantiomeric compounds with a high degree of selectivity. 
(iv) Asymmetric synthesis or catalysis 
The fourth and probably the most popular method of obtaining 
enantiomerically pure compounds is by asymmetric synthesis or catalysis. The 
asymmetric centres in the enantiomeric products obtained from this method are derived 
from chiral reagents or catalysts. Enders5 has summarized the basic principles 
underlying asymmetric synthesis in a diagramatic representation (Figure 1). 
Chiral auxiliary reagent 
1 
______ ! ____ ............ ___ j ____ _ 
S enantiomer 
Less 
Chiral 
product 
I Prochiral substrate I 
... 
Reaction coordinate 
Figure 1. Basic principles of asymmetric synthesis. 
R enantiomer 
Chiral 
prcxluct 
More 
The preparation of enantiomerically pure molecules from a prochiral substrate 
via this methcxl requires a chiral auxiliary. In the presence of the chiral auxiliary, the 
transition states, TSs and TSR, differ energetically by ll llG* and hence would lead to 
the formation of enantiomers in unequal amounts. However, in the absence of the 
chiral auxiliary the resultant transition states of the two enantiomers, TSs and TSR, are 
equivalent in energy and would only result in the prcxluction of a racemate in which 
the enantiomers are present in equal amounts. 
Asymmetric synthesis is essentially a stoichiometric procedure in which the 
number of moles of chiral products will be equivalent to the amount of chiral auxiliary 
initially present. An alternative approach involves asymmetric catalysis which is more 
advantageous because with a mcxlest amount of chiral auxiliary, in principle, an 
unlimited amount of optically pure compound can be synthesized. 
-7-
Although the catalytic method has obvious advantages, most of the work to 
date has focussed on asymmetric synthesis. The strategy of asymmetric synthesis has 
contributed enormously to organic chemistry in the past decade, in particular with 
respect to the enantioselective formation of carbon-carbon bonds. Stereochemical 
control over carbon-carbon bond formation is extremely desirable in many facets of 
chemistry. One of the keys to successful syntheses of natural products is the 
availability of suitable chiral building blocks, usually highly functionalised, optically 
active C3 and C4 synthons. For instance, the 1,2,3-propanetriol (henceforth referred 
to as glycerol) derivatives (R)- and (S)-2,2-dimethyl-1,3-dioxolane-4-methanol, 1, 
and the corresponding aldehydes (R)- and (S)-2, are extremely important C3 
synthons which have been widely employed as chiral building blocks in the 
preparation of a variety of biologically active molecules such as phospholipids,6a P-
adrenergic blocking agents,6b prostaglandins,6c certain antibiotics,6d and 
acyclonucleotides. 6e 
(R)-1 (S)-1 
(R)-2 (S)-2 
The main source of (S)-1 and (R)-2 is D-mannitol7 while L-serine 7 and 
ascorbic acid8 are precursors for (R)-1 and (S)-2. The presence of the aldehyde and 
the hydroxymethyl groups, together with the protected diol functionality, makes these 
molecules versatile reagents as building blocks for natural products. A comprehensive 
review of the different methods of preparing the most frequently used chiral C3 and C4 
-8-
synthons from the enantiomers of 2 and their applications in the synthesis of various 
organic molecules has been published by Jurczak and coworkers.9 
Despite the extensive literature on C3 synthons derived from chiral glycerol 
derivatives with the protected diol functionality, the use of glycerol, 3, itself as a 
prochiral substrate for the assembly of chiral organic molecules is relatively 
unexplored. Selective derivatization of the enantiotopic hydroxy groups (a) and (b) in 
glycerol should lead to the formation of optically active molecules which can serve as 
C3 synthons for the synthesis of more complex molecules. 
HO 
(a) 
0 
H 
3 
OH 
(b) 
1. 2 Enantiotopic Differentiation of Terminal Hydroxy Groups in 
Glycerol 
Glycerol derivatives have been implicated as key substrates for glycolytic 
enzymes in intermediary metabolism processeslO, but reports on the use of non-
protected chiral glycerol derivatives as frameworks for the synthesis of 
enantiomerically pure compounds are rare. 
HO~OBn 
I 
I 
0 
H 
(R)-4 
HO~OBn 
0 
H 
(S)-4 
Several reports have been made on the use of the enantiomers of 3-phenyl-
methoxy-1,2-propanediol (henceforth referred to as 1-benzylglycerol), 4, as chiral 
ynthons in the synthesis of various biologically significant products, 11 however, the 
ynthetic work of Schneider and coworkersl2 in 1987 probably constitutes the first 
example in which differentiation of the enantiotopic hydroxy groups in glycerol has 
been achieved by chemical means. Using glycerol as the precursor molecule, a range 
-9-
of functionalised C3 synthons with three chemically different functional groups in both 
enantiomeric series were synthesized (Scheme I). 
Scheme 1a 
R3 
.. r4 vu 
RlO OR2 
(R)-11 R1 = Ph3C 
(R)-12 R1 = p-MeC6H4S02 
(R)-13 R 1 = SiPh2B u1 
a R2 = Ac, R3 = CH2Ph 
b R2 = H, R3 = CH2Ph 
C R2 = R3 = H 
OH 
n 
HO OH 
3 
~ 
HO OAc 
o---Ph 
n 
RO OR 
5 a R=H (R) - 7 
b Rllip~~ / 
HOH 0---Ph n ~ HO OCPh I I II 
HO OAc 
(R) - 6 
111, IV 
~---Ph 
I I v, vi 
TIIPO OH 
(S) - 8 
0 
(R) - 10 
r ii 
r4---Ph 
HO OCPh 
II 
0 
(R) - 9 
a Key: (i) Ref. 13; (ii) H2, Pd/C; (iii) dihydropyran, p-MeC6l-!4S03H; (iv) K2C03, 
MeOH; (v) PhCOCl, pyridine; (vi) p-MeC6fi4S03H, MeOH; (vii) Ref. 14. 
-10-
The initial step involved the protection of the 2-position in glycerol by 
fonnation of 2-phenylmethoxy-1,3-propanediol (henceforth referred to as 2-
benzylglycerol), Sa, which allowed the terminal hydroxy groups to be acetylated to 
afford Sb. The enantioselective removal of one acetate group in Sb by a lipoprotein 
lipase to produce (R)-6 proceeded in 91 % enantiomeric excess. The synthetic 
versatility of (R)-6 was demonstrated by its conversion to various highly 
functionalised molecules 7 - 13. Of key importance in the synthetic strategy was the 
reaction of (R)-6 with dihydropyran followed by removal of the acetate group to 
afford (S)-8 which served as an entry into the other enantiomeric series. 
With glycerol being cheap and readily accessible from natural sources, these 
workers envisaged molecules 6 - 13 having wide potential as chiral building blocks 
for the synthesis of natural products. 
An alternative approach for the differentiation of the enantiotopic hydroxy 
groups in glycerol, which has not been utilized to date, is via selective coordination to 
a suitable metal centre. For example, one can envisage glycerol binding in a bidentate 
fashion to a metal ion auxiliary as shown below: 
H 
0 
L* M(o~OH cx-)n 
H 
14 
Derivatization of the 'free' hydroxy group in 14 would lead to a chiral glycerol 
derivative. This approach would require the use of a suitable chiral transition metal-
based auxiliary, a number of which have been successfully utilized in asymmetric 
synthesis and catalysis. 
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1. 3 Chiral Transition Metal Complexes in Asymmetric Synthesis and 
Catalysis 
The use of transition metal-based chiral auxiliaries for asymmetric induction 
has two major advantages. Firstly, the metal centre usually occurs in a number of 
oxidation states and can thus furnish a variety of chiral coordination geometries. 
Secondly, steric and electronic pertubations to the chiral inducing centre can be 
achieved with great flexibility in transition metal complexes simply by varying the 
ligands about the metal centre. This will in tum affect the transition states leading to 
the formation of enantiomeric products (Figure 1 ). 
The versatility of chiral iron acyl complexes such as [(115-C5H5)Fe(CO)-
(PPh3)(COR)] (R = alkyl or aryl groups) in enantioselective aldol and imine 
condensations and Michael additions has been demonstrated by Davies15 and 
Liebeskind.16 For instance, reactions of the syn- and anti-enolates 15 derived from 
[(11S-C5H5)Fe(CO)(PPh3)(COEt)], have the possibility of forming the four 
diastereomers 16 - 19 upon reaction with an aldehyde RCHO (R = Me, Et, Pri, Bu1) 
(Scheme II).17 
However, it has been shown that the aldol condensation affords predominantly 
diastereomer 16, together with small amounts of 18 and 19. No evidence for the 
presence of 17 was uncovered. Thus, the aldehyde addition to the anti-enolate is 
completely favoured over addition to the syn-analogue. Formation of the threo-~-
hydroxy acyl diastereomer 16 was attributed to aldehyde addition to the unhindered 
face of the anti-enolate. Decomplexation of the acyl derivative 16 thus provides a 
highly stereoselective route to threo-~-hydroxy acids 20. 
0 OH 
20 
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Scheme II 
H 
15-(anti) 
11 
CO Ph2~ I .... P~O,J 
~,.....Fe'~~"-Et2AI 
15-(syn) Me \Re \HO 
R H 
The streochemical bias for the condensation process is thought to be provided 
by the blocking effect of one of the phenyl groups of the triphenylphosphine ligand 
which essentially restricts the attack of the electrophile to one of the faces of the 
carbonyl group. 
A major contribution to the field of enantioselective synthesis of organic 
compounds using chiral transition metal complexes is the asymmetric epoxidation of 
allylic alcohols by alkyl hydroperoxides using a titanium tartrate catalyst by Sharpless 
and Katsuki (Scheme III).18 
Scheme III 
-13-
HO~Ph 
Bu'OOH 
Ti(O-Pr') 
diethyl tartrate 
o .. 
I .... 
I ' 
HO~Ph 
As it was first set out, the epoxidation was a stoichiometric procedure, but 
more recently it has been made catalytic and shown to proceed with high enantiomeric 
excess. Kinetic studies are consistent with the epoxidation proceeding via transition 
state 21 in which intracomplex steric effects in the intermediate allow the peroxide 
oxygen to be delivered specifically to one prochiral face of the alkene. 
, . 
0 ,, , ' 
.... a , 0,, , ', , -... ---' .. 
' , I 
Ti : 
a" \:'o ~ 
Et02C C02Et 
21 
Essentially complete enantioselectivity has been achieved in the asymmetric 
hydrogenation of prochiral enamides using rhodium(!) catalysts containing bis(tertiary 
phosphine) ligands.19 An understanding of the mechanistic basis of chirality transfer 
in these reactions is still not well understood, although the work of Halpern and 
coworkers has provided some important insights into the hydrogenation of ethyl (Z)-
a-acetamidocinnamate, 22, using [S-(R* ,R*)]-[Rh(chiraphos)S'2]Cl04 (where 
-14-
chiraphos = 2,3-butanediylbis(diphenylphosphine) and S' = CH30H) to afford (R)-
N-acetylphenylalanine ethyl ester (Scheme IV).19c 
Scheme IV 
22 ! [S-(R* ,R*)]-[Rh(chiraphos)S'2]CI04 
0 
II 
.. 
.. COCH2CH3 
H5CJI2CC~H 
NHCCH3 
II 
0 
(R)-N-acetylphenylalanine ethyl ester 
Of the two possible diastereomeric rhodium complexes proposed as 
intermediates for the asymmetric hydrogenation (Figure 2), it was shown that the 
addition of H2 to 22 proceeds via the less stable Rh(I) intermediate, 23a. 
H 
Rh(I)-intermediate 23a Rh (IIl)-in termediate 23b 
[S-(R* ,R*)]-2,3-butanediylbis(diphenylphosphine) 
Figure 2. Intermediates proposed for the asymmetric hydrogenation shown in 
Scheme IV. 
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1.4 Strategy of Present \Vork 
The strategy of this work was to employ a chiral transition metal-based 
auxiliary precursor that satisfies the following four criteria in order to discriminate 
between the enantiotopic terminal hydroxy groups of glycerol: 
(a), the auxiliary precursor should be stable under ambient conditions in a 
variety of solvents; 
(b), the auxiliary precursor should be easy to prepare in high yield from 
readily available starting materials; 
(c), the auxiliary precursor should covalently bind weak donor ligands and 
therefore should contain good leaving groups in order to permit a 
molecule such as glycerol to enter the coordination sphere of the metal 
centre as a chelating bidentate ; and 
(d), the auxiliary precursor should contain a strongly bound chiral ligand 
that is available as either enantiomer for induction of asymmetry and 
for conferring stability on the system during transformation of the 
organic substrate. 
Remarkable progress has been made in the area of asymmetric synthesis by 
using transition metal complexes incorporating chiral tertiary phosphine ligands.19a 
Chelating bis(tertiary phosphine) ligands in which the chirality resides on the 
backbone linking the two phosphorus atoms, as in [S-(R* ,R*)]-chiraphosl9b-c and 
[R-(R* ,R*)]-diop,20 or on the phosphorus atoms themselves, as in [R-(R* ,R*)]-
dipamp,21 are recognised as important ligands for asymmetric induction particularly 
after reports of the high enantioselectivities obtained in asymmetric hydrogenation 
processes with ligands of these types. 
• 
H 
Me 
[S-(R* ,R*)]-chiraphos 
H 
XOX:' PPh2 PPh2 0 
H 
[R-(R* ,R*)]-diop 
-16-
[R-(R* ,R*)]-dipamp 
In this work it was hoped to prepare a chiral transition metal-based auxiliary 
of the type (R)-L*MX2 in which (R)-L* was an optically active bis(tertiary phosphine) 
ligand, M was either Pt(II) or Pd(II), and X was a suitable leaving group. The choice 
of metal was based upon previous work in our laboratory where it had been shown 
that chiral bidentate phosphine complexes of bivalent platinum and palladium were 
kinetically inert and did not racemize under the conditions envisaged for the 
asymmetric synthesis.22 Coordination of glycerol to the bivalent metal centre 
containing a chiral bis(tertiary phosphine) ligand would afford the pair of energetically 
different diastereomers 24a and 24b: 
(R)-L*MX2 
H 
0 
(R)-L*~ l cx-h 
~O~OH 
H 
24a 
+ 
+ 
HO---.--OH 
0 
H 
H 
0 2+/) (R)-L*M, .. OH 
'"'-o .. _,,,, 
H 
24b 
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Subsequent mono- or di-deprotonation of the diastereomers would give 
glycerolato-10, 20 -platinum(II) or -palladium(II) derivatives suitable for 
deri vatization at 10 or 10 and 20, as shown in Scheme V. 
Scheme V 
RO] 
HO~OH 
(R) 
0 
(R)-L*M/ l 
, 0~0H 
H 
24a 
0 
(R)-L*M/ ~ 
"" OH 0 
25a 
(R) 
+ 
+ 
+ 
+ 
11 
+ 
(S) 
/0) (R)-L* hl___ 
"a .... ../OH 
H 
24b 
0 
(R)-L*M/ ) 
"" .. .,.OH 0 .. ..,, 
25b 
(S) 
. 
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Thus, diastereomers 25a and 25b could be considered the inorganic 
equivalents of the organic glycerol derivatives (R)-and (S)-1. 
1. 5 Bivalent Platinum and Palladium Complexes Containing 
Alcohol and Alkoxo Ligands 
Despite the abundance of late transition metal alkyl complexes, considerably 
fewer alcohol and alkoxo complexes of these elements are known. The commonly 
held belief that complexes containing metal-oxygen bonds are unstable when there is a 
mismatch of hard base ligands and soft late-transition metal centres has presumably 
deterred development in this field. 
1. 5 .1 Alcohol Complexes of Bivalent Platinum and Palladium 
Alcohol complexes of bivalent platinum and palladium have been implicated 
as intermediates in certain catalytic reactions.23 Despite the rich chemistry available to 
them, well characterized alcohol complexes of these metals are rare. 
Using carefully devised kinetic experiments, several groups were able to 
establish that straight chain alcohols such as methanoI,24a, c ethanol,24b, c and n-
propanol 24b formed alcohol-platinum(II) complexes in solution. However, attempts 
to incorporate the branched-chain alcohol t-butanol, whose ability to covalently bind to 
platinum(II) is diminished by steric effects, led to decomposition and precipitation of 
platinum metaJ.24b 
Despite the successful isolation and characterization of bivalent platinum and 
palladium complexes of the composition [ML(solvent)i](Cl04)2 (where L = 
phosphine ligand and solvent= Me2CO, MeCN, DMF, DMSO, or py),25-27 the 
analogous reactions with methanol25 did not lead to isolable methanol complexes. 
Similarly, attempts to form methanol complexes by halide metathesis of trans-
[PtClH(PEt3)2] and trans-[PtC1Me(PMe2Ph)2] with AgPF6 in methanol met with 
limited success with trans-[PtH(MeOH)(PEt3)2]PF628 and trans-[PtMe(MeOH)-
(PMe2Ph)2]PF629 being generated in solution only. Interestingly, the treatment of 
trans-[PtC1H(PPh3)2] and [PdC}i(dppe)] with AgCl04 in methanol afforded the 
.... 
I 
I 
I 
I 
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coordinated perchlorato complexes tran.s-[Pt(OCl03)H(PPh3)2]30 and [Pd(OCl03)2-
(dppe)],25 respectively; the methanol complex [Pd(MeOH)2(dppe)]Cl04 was detected 
in solution, however. 
Evidence for simple alcohol coordination to platinum(m and palladium(II) is 
mainly restricted to the solution state, although Dehand and coworkers have isolated 
complex 27 by reacting silver hexafluorophosphate and 26 in equimolar quantities in 
a mixture of dichloromethane-ethanol (Scheme VI). 31 Coordination of ethanol in 27 
through the oxygen atom was implied on the basis of 1 H NMR and IR spectroscopic 
studies. 
Scheme VI 
/Cl 
c Pd 
HC/ 'N/ ~y 
3 I 
N 
/ ' Ph H 
26 
AgPF6 
CH2CI2 I EtOH 
-AgCl 
-
"' I .,p H 
+ ,OCH2CH3 
C Pee- pp6-
H C/ 'N/ '--.py 
3 I 
N 
/ ' Ph H 
27 
Recently, Pringle and coworkers described the synthesis of a series of stable 
platinum(II) complexes containing the ligands Ph2PCH2C(R)(R')OH (Scheme VIl).32 
Equimolar amounts of the cis-substituted dichloro compounds 28a-c and AgCl04 
afforded the bis-bidentate alcohol complexes 29a-c. On the other hand, treatment of 
the trans-substituted species 30a-c with excess silver perchlorate resulted in the 
coordination of only one of the OH groups to platinum to yield 3la-c. The large 
1JptP coupling constant values (ca 3900 Hz) for the complexes 29a-c are indicative of 
pho phine ligand coordination trans to a ligand of weak trans influence whereas the 
low 1JptP values (ca 2600 Hz) in 3la-c indicate coordination of phosphine ligands 
trans to one another. 32 
Scheme vrra 
AR' 
Cl'- /PPh2 OH 
Cl/'P.Ph OH 
?R' 
28a 
28b 
28c 
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R R' ~ 
Cl /PPh2 OH 
')Pt"-/ Cl 
HO PPh2 
R'~ 
30a 
30b 
30c 
31a 
31b 
31c 
a Key: (i) 2 mol equiv. of Ph2PCH2C(R)(R')OH [(a) R = R' = Me; (b) R = Me, R' = 
H; (c) R = R' = H]; (ii) 2 mol equiv. of AgCl04 in CH2Ch-toluene; (iii) excess of 
AgCl04 in CH2Ch-Me2CO. 
1. 5. 2 Alkoxo Complexes of Bivalent Platinum and Palladium 
Simple alkoxo complexes of late transition-metals are short-lived compounds 
that tend to decompose by P-hydride elimination. On the other hand, alkoxo or 
phenoxo complexes containing electron-withdrawing substituents are more stable. 
.. 
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The interesting reactivity and potential relevance of alkoxo derivatives of the platinum 
metals to catalysis is reflected in the reviews of Agarwal33 and Bryndza.34 The 
former review focussed mainly on polynuclear alkoxo complexes while mononuclear 
complexes formed the theme of the latter survey. 
The present discussion will be restricted to mononuclear alkoxo complexes of 
bivalent platinum and palladium. Outlined below are the various methoos of preparing 
alkoxo complexes of platinum(II) and palladium(II). 
( i) Metathesis Reactions 
The displacement of halides by alkoxo groups has proven to be the most 
fruitful route to bivalent platinum and palladium alkoxo complexes. A series of 
mononuclear complexes of the type trans-[M(OMe)R(L)2] has been obtained by 
treatment of the respective chloro compounds with sodium methoxide:35 
R......._ /L 
Pt + NaOMe 
L.,./' "'-CI 
NaCl 
M = Pt, Pd; L = PPh3; R = Cif 5; CCl=CCl2 
M = Pt ; L = PPh3, diphoe; R = CH2CN, CF3, CH2CF3 
The success in preparing these methoxoplatinum(II) complexes depended upon 
the electron-withdrawing nature of the ligand R. The effective positive charge 
generated on the metal centre by R lowers the electron density on the OCH3 group and 
increases the covalency of the Pt-0 bond. Thus, the reaction of trans-[PdClR(PPh3)2] 
(R = Ph, CH=CCl2) with N aOMe did not give the expected alkoxo complex; instead, 
the methoxo product underwent P-hydride elimination according to Scheme Vill. 35a 
.... 
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Scheme VIII 
NaOMe 
trans-[PdCl(R)(PPh3)i] [Pd(OMe )(R)(PPh3)i] 
-HCHO -PhOMe (for R = Ph) 
[PdH(R)(PPh3)z] 
Bryndza et al. suggested the use of methanol as the reaction medium in 
metathesis reactions in order to suppress ~-hydride elimination of alkoxo ligands. 
Using a benzene-methanol solvent mixture they were able to isolate [Pt(OMe)R(dppe)] 
(where R = CH3 or C2H5) and [Pt(OMe)2(dppe)], 32, from the reaction of NaOMe 
with [PtCl(R)(dppe)] and [PtCl2(dppe)], respectively.36 A four-coordinate geometry 
for the metal in the bis(methoxo) complex 32 with an average Pt-0 bond distance of 
2.039 A was confirmed by X-ray crystallography. Treatment of the bis(methoxo) 
complex 32 with stoichiometric amounts of 1,2-ethanediol in situ afforded the 1,2-
ethanediolato complex [Pt(OCH2CH20)(dppe)], 33 (Scheme IX). 
Scheme IX 
I\ 
HO OH 
-2Me0H 
2NaOCH3 
-2NaCl 
33 
32 
The bis(methoxo) complex 32 is thermally unstable and decomposes at 25 °C 
1n olvents such as dichloromethane, THF, and a,a'-dimethyl-THF to generate 
.. 
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formaldehyde and its oligomers, as well as methanol, small amounts of carbon 
monoxide, and the ortho-metallated dimer 34: 
32 
34 
In the same solvents [Pt(OMe)(C2Hs)(dppe)] decomposes at 100 °c to afford 
a mixture of ethylene, ethane, methanol, and the oligomers of formaldehyde. Kinetic 
and labelling studies of these complexes indicated that the decomposition pathway 
proceeded via P-hydride abstraction. The 1,2-ethanediolato complex 33, however, 
does not decompose, even after three days at 120 °c under the same conditions. The 
remarkable stability of 33 was attributed to the stabilizing effect of the chelate ring. 
Halide abstraction by silver(!) salts has led to the isolation of bivalent 
platinum complexes containing mixed bidentate ligands that have one strong and one 
weak donor group. For example, coordination of the ether group in the neutral 
complex 35 was facilitated by the addition of silver perchlorate.37 Thus, equimolar 
amounts of silver perchlorate and 35 afforded the mono-cationic complex 36: 
MeO~ph2 
P~ Cl 
MeO ... A. _,Pt/ 
vr "-P....,. 'c1 
Ph2 
35 
AgC104 
-AgCl 
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With two equivalents of AgCl04, 35 yielded the bis-bidentate complex 37. 
The use of thallium(!) salts to abstract chloride ion was demonstrated by the 
preparation of [PtCl(0~5)(0-Me2NC@-4CH=CH2)] from the corresponding 
dichloro compound and TIOC(>F5.38 
Deprotonation of o-allylphenol 38 with mild bases in the presence of 
N a2[PtC4] led to the isolation of the chelating phenoxo-olefin complex 39:39 
2 
38 
Na2[PtC14] 
Na2C03 
39 
Addition of one or two equivalents of pyridine or triphenylphosphine to 39 in 
benzene cleaved the platinum-olefin bonds to afford the mono- or di-substituted 
pyridine or phosphine complexes 40 and 41, respectively. 
L = py, PPh3 
The palladium analogue of 39, prepared in an analogous manner, underwent 
irnilar di placement reactions with pyridine and triphenylphosphine. 
... 
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The first report of a fluoro-substituted alkoxo compound was made by Stone 
and coworkers in 1970, as shown below:40 
2NaOCH(CF3)i 
-2NaCl 
Although the fluoroalkoxo complex is more stable than its hydrocarbon 
analogue, the presence of the P-hydrogen atom nevertheless renders it susceptible to 
P-hydride elimination. A series of platinum(II) and palladium(II) complexes 
containing bis(fluoroalkoxo) ligands lacking P-hydrogen atoms was prepared by 
Willis et al. as shown below:41 
+ y 
M = Pt, Pd 
+ 
L = PMe3, PMe2Ph, PMePh2, PPh3, SMe2, SEt2, SEtMe, DMSO, 
2,4-dithiahexane 
The solid state structures of a number of fluoro alkoxo derivatives of 
platinum(II) that lack P-hydrogen atoms have been determined by X-ray 
crystallography. These complexes are listed in Table I along with their corresponding 
metal-oxygen bond lengths. 
1: 
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Table I. Fluoro Alkoxo Complexes of Bivalent Platinum 
complex average M-0 (A) reference 
F3C CF3 L"" /0~ 42a 2.024 42 /Pt "'-o-J...o 42b 2.032 
F3C CF3 
42a L = PMePh2, 
42b L = PPh3 
CF3 /OtCF3 
43 Pt 1.992 
"'-o CF3 
43 CF3 
CF3 L"" + / OtCF3 - 44a 2.041 44 Pt' BF4 44b 2.058 /s 
I 
R 
44a R = Me, L = PPh3 
44b R = Me, L = PMePh2 
Ortho-hydroxyarylaldehydes react with K2[MC4] (M = Pt, Pd) to afford 
acylphenoxo complexes of bivalent platinum and palladium.45 Table II lists the 
complexes prepared by this route. Complexes 45-47 have been isolated with both 
unidentate and bidentate ligands, while the coordinated DMSO complex 48 has only 
been prepared for various N-containing ligands. The structure of [Pt(OC6I-4CO)-
{ P(p-CH3C6H4)3 }2], 47 [where L1 = L2 = P(p-CH3C6H4)3], was elucidated by X-
crystallography to reveal a Pt-0 bond length of 2.07 A. 
A series of N- and C- substituted amino acid complexes of general formula 
K[PtC}i{(02C)C(Rl)(R2)N(R3)(R4)}], 49, were prepared by Erickson and 
coworker by reacting equimolar quantities of the appropriate amino acid and 
Table II. Acylphenoxo Complexes of Bivalent Platinum and Palladium 
complex M L1 = Li L1 -L2 L 
0 
II L Pd, Pt dppe if<~ Pd diphoe 45 Pt PEt3 
0 
I. L1 ~<~ 46 Pt, Pd dppe 
I 
OCH3 
I 
N 
PBun3 
-...J 
I 
0 P(p-CH3C6H4)3 
><: 
PPh3 dppe 
47 Pd, Pt PPh2CH2Ph diphoe 
P(OEt)3 H2NCH2CH2NH2 
P(OPr1) 3 
P(0Bun)3 
AsPh3 
AsMePh2 
0 4-picoline II L 3-picoline < 48 Pt 2-picoline 0/ DMSO NH2(CHi)5CH3 
--28-
R4 R3 
'. / R2 
Cl /N' / 
"Pt ?-Rt 
c1/ '-......o~o 
49 
R 1, R2, R3, R4 = H, alkyl groups 
Similarly, a number of related amino-carboxylato complexes were prepared 
from the corresponding chloro analogues, these are listed in Table m.47 Amino-
carboxylato complexes in which the NH2 moiety is not substituted, react with amide 
acetals to afford the analogous Schiff base complexes: 
+ 
-2R20H 
DMF 
R2, R3 = H, alkyl, or aryl groups 
(For examples of ~M see Table ill) 
(ii) Oxidation Reactions 
The oxidative-addition of phenols to zerovalent platinum complexes to afford 
hydrido-phenoxo derivatives was first published by Stone and Green in 1977:48 
[Pt(PCy3)i] + HX 
X = OPh, OC6Fs 
The conversion of epoxides into other organic compounds via oxidative-
addition to metal complexes has met with limited success due to the instability of the 
intermediate oxymetallocycles with respect to P-hydride elimination. Recent attempts 
to protect the P-positions of the epoxy ring with cyano groups have led to the isolation 
of everal new cyclic alkoxo derivatives of platinum(II) (Scheme X).49 Crystal 
... 
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Table III. Amino-carboxylato Complexes of Bivalent Platinum and Palladium 
complex 
H2 
Cl'-.... /N'CHR 
n-Bu3P/M"-oAo 
'j2-co2E1 
f \ N=o 
- " / /Pd"-. -
- N O \ /) 
Et02C-l 
M 
Pt, Pd 
Pt, Pd 
R I R 1 reference 
R = H, Me, Ph, Bn, 4?a 
CH(OH)(R1) 
[ where R 1 = Me, Ph] 
R=R1 =H 
R = Me; R1 = H 
1 R = H; R = Me 
R = H, Et 
47b 
47c 
47d 
47d 
47d 
47e 
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tructure determination of the triphenylarsine complex revealed a square-planar 
environment for platinum with a Pt-0 bond distance of 2.050 A. 
Scheme X 
CN 
0 0 CN 
NCACN -2L [PtL4] + I 
CN CN L2 P~ CN CN 
L = AsPh3, PPh3, P(p-tolyl)3 
Kinetic investigations have provided evidence that reactions of ketones with 
the dioxygen complex [Pt02(PPh3)2] proceed via coordination of the ketone to the 
metal centre followed by intramolecular nucleophilic attack of the dioxygen group on 
the electrophilic carbon atom of the carbonyl group to give the alkoxo metallocycles 
50:50 
i 
/0~/R 
(PPh3)iPt '-.... -~ 
0-0 R 
50 
R = alkyl or aryl groups 
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Bennett and coworkers have demonstrated that methanol is sufficiently acidic 
to protonate various cyclohexyne platinum(O) complexes to afford the corresponding 
cyclohexenyl complexes of platinum(II):51 
toluene 
+ H-X 
X = OMe; L2 = dppe, dppp, dppb, diphoe; L = PMePh2, PPh3 
X = p-CH3C6H40; L2 = dppe 
(iii) Miscellaneous 
The methoxo bridges in the dimeric platinum complex 51 (prepared by 
treatment of [PtC}i(COD)] with two equivalents of sodium hydroxide in aqueous 
methanol) are cleaved by tertiary phosphines (L) to yield the mononuclear methoxo 
complexes 52:52 
OMe OMe 
Me 
/0"" 
Pt"" /Pt ----
0 
2 
Me 0 
Me 
51 52 
L = PPh3, PPr\, PCy3, P(p-tolylh 
Similarly, the methoxo- and chloro- bridged binuclear complexes 53 (M = Pt 
or Pd) undergo bridge-splitting reactions with tertiary phosphines to afford the 
mononuclear methoxo and chloro complexes 54 and 55, respectively (Scheme XI).53 
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Scheme XI 
The decarbonylation of a carbophenoxo complex of palladium(II) to afford 
the corresponding phenoxo complex was reported by Otsuka:54 
-CO 
X = Cl, Br; L = ButNC 
The reaction of various dimethylpalladium(II) complexes with equimolar 
quantities of hydroxyarenes afforded a series of methyl(cyanophenoxo)palladium(II) 
derivatives:55 
L2 = bipy; L = PEt3; X = H, CN, Ph 
L = PMePh2, PEtPh2; X = CN 
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The alcohol complexes reported by Pringle and coworkers in Section 1.5.1 
(28 - 31) are cleanly depronated by NaOH or NEt3 to yield the stable bis-bidentate or 
mono-bidentate platinum(In alkoxo complexes 56 and 57 (Scheme XII).32 
Scheme x11a 
R R' 
Ph20 
Pt 
Ph2i/ ~ 
~R' 
R 
29a 
29b 
29c 
31a 
31b 
31c 
(Cl04")2 ... 
R r\R' 
Ph2 / 
'Pt 
Ph2~ '\O 
'--fR' 
56a 
56b 
56c 
t ii 
57a 
57b 
57c 
111 
R 
R' 
Cl'-. ~ 
Pt/ 
Cl/ 'P~a-J 
R' 
R 
28a 
28b 
28c 
R R' 
CI~ 
"P~ 
OO\ ;r< °"'CI 
R'~ 
R 
30a 
30b 
30c 
a Key: (i) NEt3 in CHCI3; (ii) NaOH, EtOH, reflux; (iii) NEt3 in CHCI3 or 
Li[N(SiMe3)2] in thf or NaOH in ethanol; [(a) R = R' = Me; (b) R = Me, R' = H; (c) 
R = R' = H]. 
X-ray crystal structure determinations of 56a and 56c show a slightly 
distorted square-planar geometry about the metal centre due to the bulk of the 
phosphine alkoxo ligand with average Pt-0 bond distances of 2.024 A and 2.039 A, 
respective! y. 
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1. 6 Choice of Leaving Group 
For an alcohol such as glycerol to enter the coordination sphere of bivalent 
platinum or palladium, the leaving group X in the precursor complex L *MX2 would 
need to be very weakly bound. The weak bonding situation that arises from the 
unfavourable union of a soft acid and a hard base would be desirable for pemritting the 
coordination of potentially bidentate ligands such as glycerol to soft metal centres like 
platinum(II) and palladium(II). 
1. 6 .1 Soft Metal - Hard Ligand Interactions 
One of the prime issues to arise from Lewis' definition of acids and bases 
was the need for a classification system that would describe the relative reactivities of 
the wide variety of acids and bases available. A classification scheme for the elements 
of the Periodic Table that grouped the metals in the Periodic Table into three broad 
categories was eventually conceived.56 In the scheme, Class a acids favour small 
unpolarizable bases, Class b acids favour large polarizable bases, and, a third category 
of metal ions, which demonstrate neither Class a nor Class b characteristics, form the 
class of borderline acids. This classification scheme is illustrated in Figure 3. 
H 
Li Be B C N 0 
Na Mg Al Si p s 
K Ca Sc TI V Cr Mn & ~ Ni Cu Zn Ga Ge As Se 
Rb Sr y 'ZI Nb Mo Tu Ru Rh Pd AR Cd In Sn Sb Te 
Cs Ba La Hf Ta w Re Os Ir Pt Au HR Tl Pb Bi Po 
Fr Ra Ac 
Class a acids: plain script; borderline acids: underlined; Class b acids: italics. 
Figure 3. Classification of acids in their normal valence states as Class a, 
borderline, or Class b acids. 
F 
Cl 
Br 
I 
At 
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The weak bonding situation that arises from the interaction of Class b acids or 
soft metal ions with hard ligands is increasingly being studied. One reason for the 
upsurge in interest in such interactions is the discovery that complexes containing 
weakly bound ligands behave as intermediates or catalysts for a variety of reactions of 
fundamental importance to the chemical industry.23 Examples of such reactions 
include the following: 
- isomerization of olefins 
- hydrogenation of olefins and acetylenes 
- dimerization, oligomerization, and polymerization of olefins and 
acetylenes 
- hydroformylation and related carbonylation reactions 
- oxidation of ethylene to acetaldehyde. 
Apart from their implication in various catalytic cycles, complexes with 
weakly bound ligands have proven to be versatile starting materials for ligand 
substitution reactions in organometallic chemistry. In addition, bivalent platinum and 
palladium complexes containing classically non-coordinating anions have been shown 
to possess considerable stability. 
Despite the array of strong acids available, the literature on metal complexes 
containing coordinated conjugate bases of trifluoromethanesulfonic acid (henceforth 
referred to as triflic acid), CF3S03-, and fluorosulfuric acid, FS03-, dominates that of 
other anions with a bias towards triflato complexes due to the tendency of bound 
fluorosulfate to degrade to fluoride.57 A comprehensive compilation of literature 
devoted to metal complexes containing coordinated triflate and fluorosulfate was made 
by Lawrence in 1986.58 
The next most common category of complexes are those containing bound 
perchlorate ligands. It is generally believed that the low basicity of the ClQ4- ion 
would permit only weak coordination to metal centres.59 Nevertheless, there are 
numerous examples of perchlorato complexes. A concise account of metal complexes 
containing covalently bound perchlorate by Rosenthal was published in 1973/IJ a 
more recent review of this subject was published in 1984.61 
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Although the synthesis and reactions of transition metal complexes with 
covalently bound RS03- (R = CF3, F) and ClQ4- anions have been studied 
extensively, the chemistry of other weakly coordinating anions is relatively 
unexplored. Complexes of weak anions such as BF4-, PF6-, AsF6-, SbF6-, OTeF5-, 
and Re04-, however, have been the theme of a recent review by Beck and SiinkeI.62 
The versatility of weakly lx>und anions to act as leaving groups in 
substitution reactions involving neutral a- and 7t- donor ligands was surveyed by 
Beck in his review.62 In neutral complexes these anions are readily displaced by 
neutral ligands (L') to afford ionic complexes (eq 1): 
[LM-X] + L' [LM-L']X (1) 
1. 6. 2 Syntheses of Bivalent Platinum and Palladium Complexes 
Containing Weakly Coordinating Anions 
The most common route to the preparation of bivalent platinum and palladium 
complexes containing weakly bound anions has involved the abstraction of an anionic 
ligand by a Lewis acid. The less common method of oxidative elimination has only 
been reported for bivalent platinum complexes. 
( i) Abstractions with Metal(I) Salts 
A conventional route to transition metal complexes containing weakly 
coordinating anions involves halide abstraction in the presence of the coordinating 
anion. Silver(!) salts are very successful halide abstractors and the low solubilities of 
silver(!) halides has made this method particularly attractive. For example, halide 
abstraction from 58 by silver triflate afforded the triflatopalladium(II) complex 59 
(Scheme XIII).63 An X-ray crystal structure determination of 59 revealed a square-
planar geometry for the palladium(II) centre with triflate lx>und to the metal via the 
longest known palladium-oxygen bond [Pd-0 2.271 (7) A]. 
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Scheme XIII 
Similarly, the trans-neopentyl(triflato) complex of platinum(II) 61 was 
prepared from the corresponding chloro complex 60 by reaction with silver triflate. 64 
60 X = Cl 
61 X = OS02CF3 
Halide metathesis reactions involving silver perchlorate have led to the 
isolation of a series of palladium(II) complexes containing unidentate perchlorato 
ligands:65 
[PdY(R)(L)i] 
-AgCl 
Y = Cl, Br 
R = C6Cl5, L = PPh3 
R = ~ 5, L = PEt3, PEt2Ph, PMePh2, PPh3, AsPh3 
R = C6f 5, L2 = dppe, phen, bipy, tmen 
The reaction of [PdC!i(dppe)] with AgCl04 in dichloromethane resulted in 
total halide abstraction to afford [Pd(OCl03)2(dppe)] (see page 19).25 The analogous 
reaction in acetone, however, yielded the ionic mono(acetone) complex 
[Pd(OCI03)(dppe)(Me2CO)]Cl04.26 The only case of perchlorate ion coordination to 
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platinum(m is found in trans-[Pt(OCl03)H(PPh3)2], which is obtained by treating the 
corresponding chloro compound with AgCl04 (see page 19). 30 
Coordination of the pentafluoroorthotellurate (teflate) ion, OTeF5-, to 
platinum(Il) and palladium(Il) was obtained by a OTeF5-;c1- metathesis reaction 
involving the complex [Ag(OTeF5)(toluene)2]2 as shown below:66 
[Pt(OTeF5)i(NBD)] 
[PtCli(NBD)] 
-2AgCl 
[Ag(OTeF5)(toluenehh 
[Pd Cli(N CC6H5)2] 
-2AgCl 
The structure of [Pt(OTeF5)2(NBD)] shows the oxygen atoms of the teflate 
ion and the centroids of the NBD double bonds lie in a planar arrangement about the 
platinum atom with an average Pt-0 bond distance of 2.045 A. 
Coordination of perrhenate ion occurs in [Pt(ORe03)H(PPh3)2], which can 
be prepared from the chloro precursor and AgRe04. The synthesis has also been 
achieved using N aRe04. 67 
The halide metathesis reactions described hitherto have yielded complexes in 
which the weakly bound anion is coordinated in a unidentate fashion. Bridging 
coordination, however, is found in complexes [Pd(X)R(PPh3)]2 [X = 02CI02, 
F2BF2, F2PF4; R = 2-(-6-chloropyridyl)], which have been obtained from the reaction 
of 62 with the appropriate silver salt. Formation of the dimeric perchlorato derivative 
from 62 is depicted in Scheme XIV. 68 
Scheme XIV 
Cl 
Cl 
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~I 
~N ,PPh3 
Pd 
Ph3P/ "-Cl 
62 
! 2AgC104 -2AgCl 
Cl 
Two molar equivalents of pyridine splits the bridge in the dimeric complexes 
to afford mononuclear pyridine complexes 63 - 65, which contain anions coordinated 
to the metal centres in a unidentate manner. 
Cl 
(ii) Abstractions with Protonic Acids 
63(X = OC103) 
64 (X = FBF3) 
65 (X = FPF5) 
The majority of coordinated triflate complexes have been prepared by reacting 
the appropriate chloro complex with anhydrous triflic acid. The substitution can be 
represented as follows (eq 2): 
A number of bivalent platinum and palladium triflato complexes containing 
N- or P- donor ligands have been prepared by this methoct.69 These are listed in Table 
IV. 
Table IV. Bivalent Platinum and Palladium Complexes Containing Unidentate 
Triflato Ligands 
complex 
cis-[Pt(OS02CF3)2(NH3)2] 
trans-[MCl(OS02CF3)(NH3)2] 
[MCl(OS02CF3)L] 
M 
Pt, Pd 
Pt 
L 
PY2, dppe, 2(PEt3), 2(PBun3) 
Pt, Pd en 
Pt 
Pd 
dppe 
en, bipy, 2PPh3 
Although the molecular structures of these complexes have not been 
elucidated by X-ray crystallography, characterization by a combination of IR, 
electronic, and NMR spectroscopies has provided convincing evidence for unidentate 
CF3S03- coordination in each case. 
(iii) Oxidative Reactions 
A less common route to metal complexes containing weakly bound anions 
involves the oxidative-addition of a conjugate base of an acid with concomitant 
elimination of a neutral ligand; these reactions can be classed as oxidative-elimination 
reactions. The elimination of C2f4 from [Pt(PPh3)2(C2f4)] upon reaction with 
CF3S03H at O °Chas been proposed by Whitesides and coworkers to proceed via the 
hydrido intermediate [PtH(OS02CF3)(PPh3)2] to yield [Pt(OS02CF3)2(PPh3)2].70 
No attempt was made to isolate the bis(triflato)platinum(II) complex. The formation 
of the bis(triflato) complex was presumed because it reacted with lithium chloride to 
afford [PtC!i(PPh3)2]. With 2-propenyltriflate, however, [Pt(PPh3)2(C2I-4)] yields a 
vinyl platinum(II) complex (Scheme XV).71 
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Scheme XV 
1. 6. 3 Choice of Anionic Ligand (X) for the Precursor Complex 
L*MX2 
Platinum(II) and palladium(II) form stable complexes with ClQ4-, BF4-, 
PF6-, CF3S03-, OTeF5-, and Re04- anions, with CF3S03- and Cl04- complexes 
being the most studied. Sargeson et al. have investigated the rates of acid hydrolysis 
of a series of cobalt(III) complexes of the type [CoX(NH3)5]n+, where X is a neutral 
solvent molecule or an anion. 72 In this work, the triflate anion was ranked second to 
the perchlorate anion in terms of !ability. At 25 °C the Cl04- and CF3S03- ligands 
aquated with rate constants of 0.1 s-1 and 0.027 s-1, respectively. The potentially 
explosive nature of perchlorate complexes, however, does not make them attractive 
choices as starting materials. 
The preparation and reactions of triflic acid and its commonly encountered 
derivatives have been comprehensively reviewed by Howells and McCown.73 The 
triflate anion is resistant to reductive and oxidative cleavage and its inability to act as a 
source of fluoride ions, even in the presence of strong nucleophiles, is beneficial in 
suppressing or eliminating superfluous side reactions. Furthermore, the large 
inductive effect of the CF3 moiety, which is one of the strongest electron withdrawing 
groups known, makes the triflate anion an excellent leaving group in substitution 
reactions. 
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These properties, coupled with the extensive literature on platinum and 
palladium complexes containing covalently bound triflate ligands,58 prompted us to 
consider the CF3s03- ligand as the leaving group in this work. 
1. 7 Aim of Present Work 
The aim of this work was to prepare a precursor complex of the type 
[L*M(OS02CF3)2] (M = Pt or Pd) containing an optically active bis(tertiary 
phosphine) ligand L* for displacement reactions involving weakly coordinating 
ligands. It was envisaged that the weakly coordinated triflate ligands in a complex of 
this type could be displaced by glycerol to give glycerol-10,20 diastereoisomers as 
triflate salts. Deprotonation of the coordinated glycerol would then afford glycerolato-
10 or -10,20 diastereomers which could be converted into chiral glycerol derivatives 
by asymmetric synthesis. 
CHAPTER TWO 
SYNTHESIS, CHARACTERIZATION, AND 
REACTIONS OF 
BIS(TRIFLUOROMETHANESULFONATO) 
{1,2-PHENYLENEBIS(METHYLPHENYL-
PHOSPHINE)}PLATINUM(II) 
2. 1 Introduction 
The discovery by Wilkinson that [RhCl(PPh3)3] was an efficient 
homogeneous catalyst for the hydrogenation of olefinic substrates opened up new 
horizons in the field of asymmetric catalysis using catalysts based on transition metal 
complexes modified by tertiary phosphine ligancts.74 Early work with catalysts 
containing unidentate tertiary phosphines gave low to modest enantiomeric excesses of 
chiral producrs,75 but the emergence of catalysts incorporating chiral bidentate tertiary 
phosphine ligands led to much higher optical yields.19-21 The increased efficiencies of 
the latter systems are clearly evident in the hydrogenation of prochiral enamides using 
[S-(R* ,R*)]-[Rh(chiraphos)S'2]Cl04 (where S' = CH30H). The major 
discriminatory interaction in this system originates in the rigid chiral conformation of 
the chelate ring of chiraphos (Figure 4).19b The chiral conformation adopted by the 
chiraphos chelate ring causes the phenyl groups to be axially or equatorially disposed 
in a dissymmetric C2 arrangement which in turn selectively restricts the chiral 
preferences of the prochiral substrate during asymmetric transformation. 
Figure 4. The preferred conformation of the chelate ring in [S-(R* ,R*)]-
[Rh(chiraphos)S'2]Cl04. 
A detailed investigation of the dynamic properties in solution of a 
coordination complex is essential if the complex is to be used successfully for 
asymmetric synthesis. Although numerous bis(tertiary phosphine) metal derivatives 
are known,76 there is nevertheless a paucity of information in the literature concerning 
the dynamic processes of complexes of this type in solution. Extensive work in our 
laboratory concerned with the stereochemistry and dynamic properties of bivalent 
platinum, palladium, and nickel complexes containing (R* ,R*)-(+)- and (R* ,S*)-1,2-
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phenylenebis(methylphenylphosphine), diph , has demonstrated the potential of this 
ligand in exercising stereoelectronic control over the site of attack of a reactant on a 
coordinated prochiral substrate.22 The rigid back-boned bis(tertiary phosphine), 
whose chirality arises solely from the dissymmetric arrangement of the pairs of methyl 
and phenyl groups on the phosphorus donors, forms stable enantiomers or 
diastereomers chiral at phosphorus (Einv ca 30 kJ mol-1 ). 77 Of the three metals, 
platinum(Il) gives the most kinetically stable tertiary phosphine complexes and hence 
is the logical choice of metal for the precursor triflato complex. Thus, it was proposed 
to prepare [S-(R* ,R*)]-69 as the precursor complex. 
[S-(R* ,R*)]-69 
2. 2 Preparation and Resolution of 1,2-Phenylenebis(methylphenyl-
phosphine) 
Preparation of the bis(tertiary phosphine) follows the method of Roberts and 
Wild.78 Reaction of 1,2-dichlorobenzene with two equivalents of a solution of 
sodium methylphenylphosphide (prepared by sodium metal reduction of PHMePh) in 
THF affords an equimolar mixture of the diastereomeric bis(tertiary phosphines) 
(R* ,R*)-(+)-diph and (R* ,S*)-diph in 88% yield (Scheme XVI). The mixture of 
diastereomers distills as a viscous oil [bp 190 -200 oc (0.1 mm Hg)]. 
Scheme XVI 
4 CXCl Cl 
. Me Ph 
'.,' (XP~. /· p 
pf .... Me 
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+ 
[R-(R* ,R*)]-diph [S-(R* ,R*)]-diph 
8Na[PMePh] 
+ 
(R* ,S*)-diph 
( i) Separation of Racemic and Meso Diastereomers 
Most of the racemic (R* ,R*) diastereomer of the bis(tertiary phosphine) 
separates as colourless prisms, mp 94-95 oc, from a hot methanol solution of the 
mixture upon cooling to room temperature. After removal of the first batch of racemic 
diastereomer, the remaining unequal mixture of diastereomers was thermally 
epimerized into an equimolar mixture of the.two by heating at 200 oc for several 
minutes at annospheric pressure. Several cycles of the fractional crystallization-
thermal epimerization procedure resulted in the conversion of 7 5% of the original 
bis(tertiary phosphine) material into the resolvable racemic disatereomer. 
(ii) Resolution of (R*,R*)]-(+)-diph 
A suspension of the chloro-briged dimer (R)-66 [obtained from the reaction 
-
of (R)-(+)-dimethyl(a-methylbenzyl)amine with lithium tetrachloropalladate(II)] was 
stirred in methanol with two equivalents of the racemic bis(tertiary phosphine) to 
afford internal diastereomers [R-(R* ,R*),(R*)]- and [S-(R* ,R*),(S*)]-67a (Scheme 
XVII). Gradual addition of one equivalent of NJ-4[PF6] in water to the mixture of 
diastereomeric-chlorides selectively precipitated the hexafluorophosphate salt 
[R-(R* ,R*),(R*)]-67b in 89% yield, [a]5g9 -3220 (c 0.30, acetone). 
Scheme XVII 
+ 
[R-(R* ,R*),(R*)]-67a 
!NH4PF6 
Me Me p~ Me 
.. , .. ; 
'·' p N" / X) Pd,p ~ I 
"' ,·' I # Me Ph 
[R-(R* ,R*),(R*)]-67b 
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2 [R-(R* ,R*)]- and [S-(R* ,R*)]-diph 
+ 
[S-(R* ,R*),(S*)]-67a 
pp6- i 
Liberation of the optically active bis(tertiary phosphine) from 
[R-(R* ,R*),(R*)]-67b was achieved in two steps. Boiling of the hexafluoro-
phosphate salt [R-(R* ,R*),(R*)]-67b with hydrochloric acid in acetone liberated the 
tertiary amine resolving agent as the hydrochloride salt and afforded [R-(R* ,R*)]-
[PdCh(diph)], [R-(R*,R*)]-68, as pale yellow microcrystals, [a]539 +51° (c 0.15, 
DMSO) (Scheme XVIII) (The optically pure amine was recovered from the mother 
liquor by treatment with base). 
Scheme XVIII 
HCI [R-(R* ,R*),(R*)]-67b ---
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M~;Ph 
exp"- /Cl Pd + 
.Y ~Cl 
Ph', ~Me 
[R-(R* ,R*)]-68 
Liberation of [S-(R* ,R*)]-diph from [R-(R* ,R*)]-68 was achieved in 
aqueous methanol using a large excess of KCN (Scheme XIX).~ [S-(R* ,R*)]-diph 
crystallizes as air-stable friable rods, mp 112-113 °C, [a]5g9 -81.5° (c 0.25, 
CH2Ch), in 80% overall yield. 
Scheme XIX 
aqKCN 
[R-(R*,R*)]-68 ------,-
M~ ,.Ph 
exp'-:-· + K2[Pd(CN)4] /· p 
Ph',, ~Me 
[S-(R* ,R*)]-diph 
[R-(R* ,R*)]-diph was obtained from the more soluble internal diastereomer 
[S-(R* ,R*),(S*)]-67a that remained in the mother liquor after separation of 
[R-(R* ,R*),(R*)]-67b. The filtrate was concentrated and heated in HCl to afford 
[S-(R* ,R*)]-[PdCh(diph)], which was worked up as for [R-(R* ,R*)]-68 to afford 
[R-(R* ,R*)]-diph, mp 112-113 °C, [a]5g9 +81.3° (c 0.25, CH2Cl2). 
1 The apparent inversion that takes place upon liberation of [S-(R* ,R*)]-diph from 
[R-(R* ,R*)]-68 is in accordance with the specification of Cahn et al. for absolute 
configuration.79 
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2.3 Preparation of [S-(R*,R*)]-(+)ss9- and (R*,R*)-(+)-
[Bis( tri fl uoromethanesulf onato ){ 1,2-phenylenebis-
(methyl phenyl phosphine)}] pla tin um(II), [S-(R * ,R *) ]-69 and 
(R *,R *)-69 
The first attempt at the preparation of [S-(R* ,R*)]-69 by treatment of 
[S-(R* ,R*)]-[PtC}i(diph)] with two equivalents of triflic acid resulted in tarry 
decomposition products. Halide metathesis of [S-(R* ,R*)]-[PtCl2(diph)] with 
AgOS(hCF3 was not successful either; only one chloro group was abstracted from the 
starting material with formation of a poorly soluble complex having analytical data 
consistent with the chloro-bridged dimer 70. 
The successful synthesis of [S-(R* ,R*)]-69 was eventually achieved by 
treatment of [S-(R* ,R*)]-[PtMe2(diph)] with triflic acid. The overall reaction scheme 
for the synthesis of [S-(R* ,R*)]-69 is shown in Scheme XX. The initial step 
involved the preparation of [PtC}i(COD)] by the reaction of K2[PtC4] with 1,5-
cyclooctadiene (COD).80 Halide exchange of [PtCl2(COD)] with excess sodium 
iodide gave the diiodo compound [PtI2(COD)] in high yield.80 Methylation of this 
complex with methylmagnesium iodide gave [PtMe2(COD)] in 90% yield as white 
needles after recrystallization from petroleum-ether (bp 30-40 oc).81 The penultimate 
step in the sequence involved the displacement of the diene ligand by [R-(R* ,R*)]-
diph; this step afforded [S-(R* ,R*)]-[PtMe2(diph)] in 98% yield. Treatment of the the 
dimethyl complex with two equivalents of triflic acid afforded [S-(R* ,R*)]-69 in 96% 
yield as slightly hygroscopic colourless needles: mp 285-287 oc dee, [a]5g9 +6.70 (c 
0.41, CH2C}i). The racemic analogue (R* ,R*)-69 was prepared in the same manner 
with use of (R* ,R*)-diph and had melting point 238-241 °c dee. 
Scheme XX 
Me Ph 
~ ,,' 
a p" /CH3 Pt p/ "CH 
~ · 3 Ph .... Me 
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__..-Cl 2NaI 
Pt" -2NaCl 
Cl 
[R-(R* ,R*)]-diph 
-COD 
[S-(R* ,R*)]-69 
2.4 X-Ray Crystal Structure of [S-(R*,R*)]-(+)ss9-
I Pt---
~I 
[Bis( tri fl uoromethan esul f ona to) { 1,2-phenylenebis-
(methyl phenyl phosphine)} ]platinum(II), [S-(R * ,R*) ]-69 
The molecular structure of [S-(R* ,R*)]-69 was established from an X-ray 
crystal structure determination carried out by Dr A. C. Willis of the Research School 
of Chemistry. Of primary interest in the analysis was the characterization of the 
platinum-oxygen bond in terms of its degree of ionic character. A suitable crystal for 
the analysis was obtained by the careful addition of diethyl ether (0.4 mL) to a 
concentrated dichloromethane solution of [S-(R* ,R*)]-69 (0.05 g in 0.5 mL 
CH2Cl2). Under these conditions [S-(R* ,R*)]-69 crystallized as clear colourless 
prisms. The crystal structure shows the presence of two independent molecules in the 
unit cell of [S-(R* ,R*)]-69. OR TEP diagrams of both molecules with their respective 
atomic numbering schemes are presented in Figure 5 (molecule A) and Figure 6 
(123 
F122 
Flll 
Figure 5. ORTEP diagram of [S-(R* ,R*)]-69 (molecule A). (Hydrogen atoms have been omitted for clarity.) 
t 
L/\ 
-t 
' I 
Figure 6. ORTEP diagram of [S-(R* ,R*)]-69 (molecule B). (Hydrogen atoms have been omitted for clarity.) 
' U) 
N 
' 
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(molecule B). The numbering system for Figure 6 is the same as for Figure 5 except 
that the first digit is a 2 in each case. Selected interatomic bond lengths and bond 
angles for both molecules are listed in Table V (molecule A) and Table VI (molecule 
B). The only obvious difference between the two molecules is that in molecule A the 
CF3 group of one of the triflato groups is bent towards the second triflato group, 
whereas in molecule B this CF3 group is bent away from the neighbouring triflato 
group. 
The triflato group has the capacity to coordinate as a uni-, bi-, or tri-dentate 
ligand to metal centres (Figure 7). 58 
unidentate 
I 
chelating bidentate 
II 
bridging unidentate 
III 
bridging bidentate 
IV 
CF3 I 
s 
o-P'//'-n 
i o I Mi M 
M 
bridging tridentate 
V 
Figure 7. Modes of triflato-metal coordination. 
Of the five possible modes of bonding, unidentate coordination I is the most 
prevalent in the solid state. The metal-oxygen bond lengths of several transition metal 
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Table V. Selected Interatomic Bond Lengths (A) and Angles (0 ) of [S-(R* fl*)]-69 
(molecule A) with Estimated Standard Deviations in Parentheses 
distances (A) 
Pt(l )-P(l 1) 2.207(3) Pt(l)-P(l2) 2.204(3) 
Pt(l)-0(111) 2.142(9) Pt(l)-0(121) 2.091(8) 
S(l 1)-0(111) 1.453(11) S(l 1)-0(112) 1.442(11 ) 
S(l 1)-0(113) 1.414(10) S(l l)-C(l 10) 1.813(15) 
C(l 10)-F(l 11) 1.36(2) C(l 10)-F(l 12) 1.32(2) 
C(l 10)-F(l 13) 1.30(2) S(12)-0(121) 1.494(9) 
S(l2)-0(122) 1.434(12) S(12)-0(123) 1.408(10) 
S(12)-C(120) 1.84(2) C(120)-F(121) 1.26(2) 
C(120)-F(122) 1.35(2) C(120)-F(123) 1.33(2) 
angles (0 ) 
P(l 1)-Pt(l)-P(12) 87.23(13) P(l 1)-Pt(l)-0(111) 94.9(3) 
P(l 1)-Pt(l)-0(121) 172.7(2) P(12)-Pt(l)-0(111) 173.7(3) 
P(l 2 )-Pt(l )-0(121) 96.0(3) 0(11 l)-Pt(l)-0(121) 82.6( 4) 
Pt(l )-P(l 1 )-C(l 1) 113.4(4) Pt(l)-P(l l)-C(l 11) 115.3(4) 
Pt(l)-P(l l)-C(l 31) 108.4(4) Pt(l)-P(12)-C(l 32) 108.9(4) 
Pt( 1 )-P( 12)-C( 12) 111.8(5) Pt(l)-P(12)-C(l21) 113.4(4) 
0(111)-S(l 1)-0(112) 113.0(6) 0(111)-S(l 1)-0(113) 113.9(6) 
0(111)-S(l 1)-C(l 10) 99.9(7) 0(112)-S(l 1)-0(113) 117 .1 (7) 
0(112)-S(l 1)-C(l 10) 105.2(7) 0(113)-S(l 1)-C(l 10) 105.3(6) 
Pt(l)-0(111)-S(l 1) 131.1(6) S(l 1)-C(l 10)-F(l 11) 108.0(11) 
S(l l)-C(l 10)-F(l 12) 112.6(10) S(l l)-C(l 10)-F(l 13) 113.3(11 ) 
F(l l l)-C(l 10)-F(l 12) 105.8(12) F(l l l)-C(l 10)-F(l 13) 107.4(12) 
F(l 12)-C(l 10)-F(l l 3) 109.2(13) 0(121)-S(l2)-0(122) 112.6(6) 
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Table V. (Continued) 
0(121)-S(12)-0(123) 112.3(6) 0(121 )-S ( 12)-C(l 20) 103.5(7) 
0(122)-S(l2)-0(123) 115.9(7) 0(122)-S(l2)-C(l20) 104.8(7) 
0( 123 )-S ( 12)-C( 120) 106.4(8) Pt(l )-0(121)-S(12) 136.1(5) 
S(12)-C(l 20)-F(l21) 111.8(13) S(l2)-C(120)-F(122) 108.6(12) 
S(12)-C(l20)-F(123) 108.5(12) F(121)-C(120)-F(122) 111 (2) 
F(l21 )-C(l20)-F(123) 112(2) F( 122)-C( 120)-F( 123) 104.6(15) 
Table VI. Selected Interatomic Bond Lengths (A) and Angles (0 ) of [S-(R* ,R*)]-69 (molecule B) with Estimated Standard Deviations in Parentheses 
Pt(2)-P(21) 
Pt(2)-0(21 l) 
S(21)-0(21 l) 
S(21)-0(213) 
C(210)-F(211) 
C(210)-F(213) 
S(22)-0(222) 
S(22)-C(220) 
C(220)-F(222) 
P(21 )-Pt(2 )-P(22) 
P(21 )-Pt(2)-0(221) 
distances (A) 
2.201 (3) 
2.125(7) 
1.482(8) 
1.428(10) 
1.35(2) 
1.32(2) 
1.437(10) 
1.81 (2) 
1.34(2) 
86.30(12) 
172.3(3) 
Pt(2)-P(22) 
Pt(2)-0(221) 
S(21)-0(212) 
S(21)-C(210) 
C(210)-F(212) 
S(22)-0(221) 
S(22)-0(223) 
C(220)-F(221) 
C(220)-F(223) 
angles (0 ) 
P(21 )-Pt(2 )-0(211) 
P(22)-Pt(2)-0(21 l) 
2.216(3) 
2.112(8) 
1.434(9) 
1.82(2) 
1.29(2) 
1.480(9) 
1.432(10) 
1.31 (2) 
1.33(2) 
90.5(2) 
174.1(2) 
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Table VI. (Continued) 
P(22)-Pt(2)-0(221) 101.1 (3) 0(211)-Pt(2)-0(221) 81.9(3) 
Pt(2)-P(2 l )-C(21) 112.4(4) Pt(2)-P(21)-C(211) 115.3(4) 
Pt(2)-P(2 l )-C(231) 108.9(4) Pt(2)-P(22)-C(232) 108.7(4) 
Pt(2 )-P(22 )-C(22) 113.0(4) Pt(2)-P(22)-C(221) 117.3(4) 
0(211)-S(21)-0(212) 114.0(5) 0(211)-S(21)-0(213) 112.0(5) 
0(211)-S(21)-C(210) 101.1 (6) 0(212)-S (21 )-0(213) 117.7(6) 
0(212)-S(21)-C(210) 105.6(7) 0(213 )-S (21)-C(210) 104.2(6) 
Pt(2)-0(211)-S(21) 134.9(5) S(21)-C(210)-F(21 l) 108.8(10) 
S(21)-C(210)-F(212) 112.1 (11) S(21)-C(210)-F(213) 110.4(11) 
F(21 l)-C(210)-F(212) 108.3(13) F(211)-C(210)-F(213) 107 .1(12) 
F(212)-C(210)-F(213) 110.0(12) 0(221 )-S (22)-0(222) 113.1(6) 
0(221 )-S(22)-0(223) 113.5(6) 0(221 )-S (22)-C(220) 101.2(6) 
0(222)-S(22)-0(223) 117.2(6) 0(222)-S(22)-C(220) 104.9(6) 
0(223)-S(22)-C(220) 104.7(6) Pt(2)-0(221)-S(22) 137.8(5) 
S(22)-C(220)-F(221) 111.9(10) S (22)-C(220)-F(222) 109.7(10) 
S(22)-C(220)-F(223) 111.3(10) F(221 )-C(220)-F(222) 107.6(11) 
F(221 )-C(220)-F(223) 108.4(12) F(222)-C(220)-F(223) 107.8(11) 
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complexes containing triflato ligands bound in a unidentate manner are listed in Table 
VII. 
Table VII. Metal-Oxygen Bond Lengths in Unidentate Triflato Complexes 
complex 
L 
I I 
L = =CN(Et)(CH2)iNEt 
0 
II 
C 
C " /NHEt2 Pd N/ "oso CF 
/' 2 3 
Et Et 
M-0 (A) 
Fe-0 (2.007) 
Mo-0 (2.173) 
Mo-0 (2.181) 
Au-0 (2.201) 
Pd-0 (2.271) 
reference 
82 
83 
84 
63 
Bridging bidentate coordination was been found in [Ct14(0H)4(0S(hCF3)2-
{ N(C5R4N)3} 4](CF3S03)2·C3R(;0,85 while bridging tridentate coordination occurs 
in [Cu(OS02CF3)]2·benzene86a and [Cu(OS(hCF3)]·cyclohexene. 86b Solid state 
evidence for bonding modes II and III, however, has not been forthcoming. 
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The crystal structure determination of the bis(triflato) complex [S-(R* ,R*)]-
69 shows the complex to be monomeric and belonging to the space group P212121 
with both triflato groups coordinated to the platinum(II) centre as unidentates through 
oxygen atoms. The two phosphorus atoms of the bis(tertiary phosphine) occupy the 
remaining two donor sites on the platinum(II) atom to complete square-planar 
coordination. The platinum-oxygen bond lengths (molecule A: 2.091 and 2.142 A; 
molecule B: 2.112 and 2.125 A) are at the high end of a survey of Pt-0 bond 
distances in 152 four-coordinate platinum(m complexes reported to date. 87 The 
survey shows bond lengths ranging from 1.93-2.20 A (with a mean of 2.03 A). 
A comparison of the structure of [S-(R* ,R*)]-69 with other transition metal 
complexes containing unidentate triflato ligands shows a significant variation of metal-
oxygen bond lengths from one metal to another (Table VII). The long bond lengths of 
2.271 A in the palladium(Il) complex and 2.201 A in the gold(ill) complex were 
attributed to the large trans influences of the acyl sp2 and methyl sp3 carbon atoms, 
respectively. The shortest metal-oxygen bond length of 2.007 A occurred in the iron 
complex in which the iron-oxygen bond was considered to be predominantly ionic in 
character based upon mass spectral studies and X-ray analysis. 
The triflato ligands in [S-(R* ,R*)]-69 are oriented away from the phenyl 
groups of the bidentate phosphine ligands, presumably in order to minimize steric 
interactions. The conformations of the CF3S03- groups are similar to those found for 
the triflato complexes listed in Table VII and resemble the staggered conformation of 
ethane. The average C-F and S-C bond distances (molecules A and B) of 1.32 A and 
1.82 A, respectively, compare well with those found in other metal complexes 
containing unidentate triflato ligands and that of the free ion.88 The average bond 
lengths from the tetrahedral sulfur atoms to the terminal oxygen atoms is 1.43 A; the 
corresponding bond involving the coordinated oxygen atom is longer (1.48 A). These 
bond lengths are similar to the corresponding sulfur-oxygen distances in other 
characterized triflato complexes as well as those of the free anion. The shorter sulfur-
oxygen (terminal) bond lengths are consistent with double bond character. 
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The bidentate tertiary phosphine ligand forms a five-membered ring with the 
platinum(m centre. Four out of the five atoms making up the chelate ring are close to 
co-planarity. This geometry is in accord with the structures of other metal complexes 
containing 1,2-phenylenebis(methylphenylphosphine), for example, [(R* ,R*),(R*)]-
(+)-[('ri5-C5H5)(diph)Fe(PHMePh)]PF6·0.5 CH2Cli89a and [(R* ,R*),(R*)]-(+)-
[ (115-C5H5)(diph)Fe(PHPh) { Cr(C0)5} ]·2 H20·0.5 (:iHgO. 89b 
The long Pt-0 bonds coupled, with the relatively undistorted structures of the 
triflato ligands from their free ion geometries, suggest that the platinum-oxygen 
interaction in [S-(R* ,R*)]-69 is weak. Thus, the triflato ligands in [S-(R* ,R*)]-69 
should behave as excellent leaving groups in substitution reactions. 
2.5 Characterization of [S-(R*,R*)]-(+)ss9- and (R*,R*)-(+)-
[Bis( tri fl uoromethanesul f ona to) { 1,2-phenylenebis-
(methyl phenyl phosphine)}] pla tin um(II), [S -(R * ,R *) ]-69 and 
(R*,R*)-69 
The bis(triflato) complex [S-(R* ,R*)]-69 behaves as a di-univalent 
electrolyte in acetone and in methanol, which indicates that the triflato ligands are 
completely dissociated in these solvents. Displacement of one of the coordinated 
triflate groups occurs in nitromethane. In dichloromethane, however, [S-(R* ,R*)]-69 
is a non-electrolyte. 
The 1H NMR spectrum of [S-(R* ,R*)]-69 in CD2Cl2 is shown in Figure 8. 
The spectrum contains a doublet flanked by 195Pt satellites at 8 2.55 which integrates 
for 6 protons; the doublet was accordingly assigned to the two equivalent PMe groups 
(3JPtH = 42.3 Hz, 21PH = 12.6 Hz). The broad manifold of resonances between 8 
7 .56-7. 79 integrating for 14 protons is due to the protons of the aromatic groups. 
The triflato group was identified in the I 3c { I H} NMR spectrum of 
[S-(R* ,R*)]-69 in CD2Cli as a low intensity quartet (peak intensity ratio, 1:3:3: 1, 
1fcF = 318.7 Hz) centred at 8 120.31. The lfcF value observed is consistent with 
the data found for the unidentate triflato ligand in [(115-C5H5)Re(OSQiCF3)(NO)-
(PPh3)], viz. (8 116.5, 1fcF = 318.6 Hz, CDCl3),90 which incidentally is not 
I I I I I I I I I I I l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I L I I I I I I I I I I I I I I I I I I I I I I I I L I I I I I I I I I I I I I I I l I I I 
l l 10 9 8 7 6 5 
Figure 8. lH NMR spectrum of [S-(R* ,R*)]-69 in CD2C}i. 
I , 
A 3 2 0 PPM 
$ 
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substantially different to that reported for ionic triflate in [Co(NH3)5Br](CF3S03)2 (8 
119.5, lfcF = 318.0 Hz, dioxane-d8).91 The PMe resonances in the 13C{ lH} NMR 
spectrum appeared as a doublet at o 12.80 (11PC = 45.0 Hz, 21Ptc = 28.8 Hz). 
Resonances of the aromatic carbon atoms were evident as multiplets between 8 
129.94-134.98. The lH and 13C{ lH} NMR data for [S-(R* ,R*)]-69 in CD2Ch, 
however, are not appreciably different from those recorded in CD30D, where 
dissociation of the triflato groups is known to occur. 
The conductivity data are in consonance with the significantly different values 
for the 195pt_3lp coupling constants of the complex in CD2Ch and CD30D. In the 
3lp{ lH} NMR spectrum of [S-(R* ,R*)]-69 in CD2Ch, a singlet resonance (flanked 
by 195pt satellites) is observed at o 25.1, with lf PtP = 3994 Hz; in CD30D the singlet 
resonance occurs at o 26.8, with lf PtP = 3890 Hz. The triflato ligands of 
[S-(R* ,R*)]-69 are completely dissociated in CD30D according to conductivity data, 
presumably with formation of the bis(methanol) complex [S-(R* ,R*)]-
[Pt(MeOH)2(diph)](CF3S03)2. The large lf PtP values for [S-(R* ,R*)]-69 in CD2Ch 
and CD30D reflect the poor donor ability of methanol and the triflate ion when 
coordinated to platinum(II), the anion giving the larger coupling constant and hence 
having the weaker donor ability.92 It is evident from these data that both triflato 
groups in [S-(R* ,R*)]-69 remain coordinated to the metal centre in dichloromethane, 
but not in methanol. Our attempts to isolate and characterize the bis(methanol)-
platinum(II) species were without success; removal of methanol from the solution led 
to the recovery of [S-(R* ,R*)]-69. 
A singlet resonance at o -79.5 was observed in the 19p NMR spectrum of 
[S-(R* ,R*)]-69 in CD2C!i. 
The asymmetric S=O stretching vibration was observed at 1375 cm-1 in the 
infrared spectrum of [S-(R* ,R*)]-69 in NujoI.93 This value for v(S=O) is similar to 
the value for bound CF3S03- in [Os(OS02CF3)(NH3)5](CF3S03)2 (v(S=O) for ionic 
triflate in this complex occurs at 1270 cm-1 ).94 
Racemate (R* ,R*)-69 gave identical spectral and conductivity data as those 
found for the pure enantiomer. 
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2.6 Reactions of [S-(R*,R*)]-(+)ss9 and (R*,R*)-(+)-
[B is( tri fl uoromethanesul fona to) { 1,2-phenylenebis-
(methyl phenyl phosphine)} ]platinum(II), [S-(R * ,R*)]- and 
(R*,R*)-69 
Reactions between equimolar quantities of [S-(R* ,R*)]-69 or (R* ,R*)-69 
and 1,2-ethanediol in dichloromethane afforded complexes [S-(R* ,R*)]-71 or 
(R* ,R*)-71 in high yield after crystallization of the crude products from 
dichloromethane-diethyl ether (Scheme :xxn. 
Scheme XXI 
Me Ph 
'.,' 
ex
p" /OS02CF3 
Pt + 
p/ ~OSOCF ~ ', 2 3 
Ph Me 
[S-(R* ,R*)]-69 
Me ,Ph H 
\,' 0 
ex "-2+/) Pt, (CF3S03 )2 P/ "--o 
,J · , H Ph 'Me 
[S-(R* ,R*)]-71 
The glycerol, 1,2-ethanediamine, 2-aminoethanol, and 2-amino-1 ,3-
propanediol complexes [S-(R* ,R*)]- or (R* ,R*)-72 - 75 were prepared in a similar 
manner with methanol as the solvent. 
Deprotonation of the 1,2-ethanediol ligand in [S-(R* ,R*)]-71 with two 
equivalents of freshly prepared sodium methoxide afforded the ethanediolato-0,0 
complex [S-(R* ,R*)]-76 in 80% yield as fine white needles after crystallization of the 
crude product from dichloromethane-n-hexane (Scheme XXII). The bis(alkoxo) 
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complex [S-(R* ,R*)]-76 can be protonated with triflic acid to afford the 1,2-
ethanediol complex [S-(R* ,R*)]-71. 
Scheme XXII 
[S-(R* ,R*)]-71 2Na0Me 
[S-(R* ,R*)]-76 
Similarly, deprotonation of the glycerol ligand in [S-(R* ,R*)]- or (R* ,R*)-
72 afforded the glycerolato complexes [S-(R* ,R*)]- or (R* ,R*)-77. 
Me Ph 
~ ,,' 
exp" /0~ Pt......._ OH p/ "'o 
p( ",.Me 
[S-(R* ,R*)]-77 
The bivalent platinum complexes containing diol, diamine, amino-alcohol, 
and bis(alkoxo) ligands prepared from [S-(R* ,R*)]-69 or (R* ,R*)-69 are listed in 
Table YID. 
A number of related alkoxo derivatives have also been prepared from the 
bis(triflato) complex. Treatment of the bis(triflato) compounds [S-(R* ,R*)]-69 or 
(R* ,R*)-69 with a slight excess of the sodium salt of an appropriate amino-carboxylic 
acid in dichloromethane afforded a-amino-carboxy lato complexes as shown in 
Scheme XXIII. 
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able VIII. Diol, Amino-alcohol, Diamine, and Bis(alkoxo) Complexes of Bivalent Platinum 
substrate product yield(%) 
H 
I\ Cp"'2+/o) [S-(R* ,R*)]-71 
HO OH /Pt' (CF3S03)2 (R* ,R*)-71 p 0 
H 
H 
HO~OH (P"'2+/0~ cs-(R*.R*)J-72 Pt CF SO -0 p/ ,0 * OH( 3 3 h (R*,R*)-72 
H 
H 
H2 
;"\ Cp"'2+/N) H2N NH2 /Pt' (CF3S03)2 (R* ,R*)-73 
p N 
H2 
H2 
I\ Cp"'2+/N) (R* ,R*)-74 /Pt' (CF3S03)2 H2N OH p 0 
H 
H 
HO~OH Cp"'2+/o~ 
N p/Pt'N * 08 (CF3S03) 2 (R*,R*)-75 
H2 
H2 
[S-(R* ,R*)]-71 Cp"'Pt/0) [S-(R* ,R*)]-76 
(R* ,R*)-71 
P/ "-o (R* ,R*)-76 
[S-(R* ,R*)]-72 (p"' /0 [S-(R* ,R*)]-77 
p/Pt"-.O~OH (R* ,R*)-72 (R* ,R*)-77 
Cp - [S-(R* ,R*)]- or (R* ,R*)-1,2-phenylenebis(methylphenylphosphine) p 
89 
72 
79 
86 
91 
86 
94 
80 
73 
88 
75 
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Scheme XXIII 
+ 
[S-(R* ,R*)]-69 
R 1 = H; R2 = H, CH3, CH(OH)CH3 
R 1 = CH3; R2 = H 
R2 0 
R\H 
N Q-Na+ 
/ 
H 
2-Hydroxybenzaldehyde (henceforth referred to as salicylaldehyde) can bind 
to platinum(II) via the phenolic oxygen atom and the aldehyde carbon atom (Chapter 
1). Examples of salicylaldehyde bound to platinum via carbonyl-oxygen and 
phenolate-oxygen have been reported for Pt(IV) complexes.95 Stoichiometric 
amounts of (R* ,R*)-69 and the sodium salt of salicylaldehyde in dichloromethane, 
however, afforded the phenoxo-aldehydato complex (R* ,R*)-82. The amino-
carboxylato and salicylaldehydato complexes of platinum(II) prepared from 
[S-(R* ,R*)]- or (R* ,R*)-69 are listed in Table IX. 
To date, only one ether complex of platinum(II) has been isolated and 
characterized by X-ray crystallography.96 It was obtained by treating a 
vinylplatinum(II) derivative with allene (Scheme XXN). 
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Table IX. Amino-carboxylato and Salicylaldehydato Complexes of Bivalent Platinum 
substrate product yield (%) 
84 
80 
91 
88 
H 
Cp"' +/ /Pt" p J-~ 83 
(R* fl*)-82 
Cp - [S-(R* fl*)]- or (R* ,R*)-1,2-phenylenebis(methylphenylphosphine) p 
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Scheme XXIV 
Our attempt to prepare an ether complex of platinum(II) by treating (R* ,R*)-
69 with an excess of freshly distilled 1,2-dimethoxyethane in dichloromethane was 
unsuccessful; only starting material was recovered from the reaction mixture. Thus, 
triflates are stronger donors for platinum(II) compared to ethers. 
2.7 X-Ray Crystal Structure of [S-(R*,R*)]-(+)ss9-
[ (1,2-Ethanediol-O ,O ){ 1,2-phenylenebis(methyl phenyl-
phosphine)} ]platinum(II) Trifluoromethanesulfonate, 
[S -(R * ,R *) ]- 71 
Saturated five-membered chelate rings are not planar but adopt puckered 
chiral conformations.97 In the absence of C-substitution and when the donor atoms 
·, 
are symmetrically substituted, as in the case of metal complexes of 1,2-ethanediamine, 
the puckered ring interconverts rapidly between the o and A enantiomeric forms. 98 
Thus, the five-membered chelate ring formed by 1,2-ethanediol in [S-(R* ,R*)]-71 is 
expected to invert between o and A chiral conformations in solution (Figure 9). 
fh~11e 
,/ "' 
_ Me---P~ 2+/ P---Ph 
--- ~Pt 
HO OH 
fh~e 
,/ "' Me---P~ 2+/ P---Ph 
Pt"" 
HO OH 
0 
Figure 9. Theo and A enantiomeric conformations of the saturated five-membered 
chelate ring of [S-(R* J?*)]-71. 
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A suitable crystal of [S-(R* ,R*)]-71 for X-ray analysis was obtained by 
careful addition of diethyl ether (0.3 mL) to a saturated dichloromethane solution of 
[S-(R* ,R*)]-71 (0.05 gin 2 mL CH2Cl2). Under these conditions the 1,2-ethanediol 
complex crystallized as clear colourless prisms, mp 265-267 °C dee, [ a]539 +40.9° 
(c 0.24, CH2Cb). The structure determination was carried out by Dr A. C. Willis of 
the Research School of Chemistry. An ORTEP diagram of the molecule with its 
atomic numbering scheme is shown in Figure 10. Selected interatomic distances and 
bond angles are listed in Table X. 
X-ray crystallography confirmed [S-(R* ,R*)]-71 to be monomeric in the 
solid state and belonging to the space group P21 with one molecule in the unit cell. 
The 1,2-ethanediol ligand is coordinated to the platinum atom as a bidentate with the 
resultant five-membered ring having the A configuration. The platinum-oxygen bond 
distances of 2.105 A and 2.109 A in [S-(R* ,R*)]-71 do not differ appreciably from 
the corresponding average bond lengths in the bis(triflato) complex [S-(R* ,R*)]-69 
(2.118 A). As mentioned earlier for the bis(triflato) complex [S-(R* ,R*)]-69, four 
out of the five atoms completing the five-membered chelate ring formed by the 
bidentate tertiary phosphine ligand and the platinum(II) centre in [S-(R* ,R*)]-71 are 
close to co-planarity. The remaining bond lengths and angles within this chelate ring 
and those of the associated phenyl and methyl groups are similar to those described for 
[S-(R* ,R*)]-69. 
2. 8 Preliminary X-Ray Crystal Structure of (R* ,R*)-(+)-
[ (1,2,3-Propanetriol-10 ,20 ){ 1,2-phenylenebis(methyl phenyl-
phosphine)} ]platinum(II) Trifluoromethanesulfonate, 
(R *,R *)-72 
Crystals of (R* ,R*)-72 for X-ray study were obtained as fine colourless 
prisms by careful addition of diethyl ether to a saturated methanol solution of the 
glycerol complex. The crystal structure is being solved by Dr A. C. Willis of the 
Research School of Chemistry. Preliminary data shows the complex to belong to the 
space group Pl , with two different conformations being present in the unit cell. 
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(23 
(33 
(102 
(101 
Figure 10. ORTEP diagram of [S-(R* ,R*)]-71. (The associated triflate anions and 
hydrogen atoms (except for 01 and 02) have been omitted for clarity.) 
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Table X. Selected Interatomic Bond Lengths (A) and Angles (O) of [S-(R* fl *)]-71 
with Estimated Standard Deviations in Parentheses 
distances (A) 
Pt(l)-P(l) 
Pt(l)-0(1) 
0(1)-C(lOl) 
2.200(2) 
2.105(6) 
1.443(11) 
C(101)-C(l02) 1.54(3) 
P(l)-Pt(l)-P(2) 87.22(7) 
P( 1 )-Pt( 1 )-0(2) 173.8(2) 
P(2)-Pt(l)-0(2) 98.4(2) 
Pt(l )-P(l )-C( 1) 112.1 (3) 
Pt(l)-P(2)-C(2) 114.1(3) 
Pt(l)-0(1)-C(lOl) 111.3(6) 
0( 1 )-C(l O 1)-C(102) 107.6(9) 
Pt(l)-P(2) 
Pt(l)-0(2) 
0(2)-C( 102) 
angles (O) 
P( 1 )-Pt(l )-0(1) 
P(2)-Pt(l)-0(1) 
0(1)-Pt(l)-0(2) 
Pt(l)-P(l)-C(31) 
Pt(l )-P(2)-C(32) 
Pt(l)-0(2)-C(102) 
0(2)-C( 102)-C( 101) 
2.210(2) 
2.109(5) 
1.45(2) 
94.6(2) 
177.7(2) 
79.8(2) 
108.3(3) 
108.4(3) 
110.4(9) 
106.7(9) 
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OR TEP diagrams of the cations in the unit cell of (R* ,R*)-72 is shown in Figure 11. 
Interatomic bond lengths and bond angles are not reported here because of the 
unsatisfactory R value of the structural refinement at this stage (11 % ). The pair of 
cations within the unit cell of (R* ,R*)-72 have the R absolute configuration at the 
asymmetric phosphorus and carbon centres. The glycerol complex (R* ,R*)-72, thus 
crystallizes as a racemic mixture of crystals of the [(R* ,R*),(R*)] diastereomer. The 
only obvious difference between the two cations in the unit cell concerns the 
orientation of the hydroxymethyl OH group. The axial disposition of the 
hydroxymethyl group in each cation locks the five-membered chelate ring in each case 
in the 8 conformation. 99 
2. 9 Conductivity Studies 
Conductivity data for the complexes prepared from [S-(R* ,R*)]-69 and 
(R* ,R*)-69 are summarized in Table XI. Assignment of electrolyte type is based 
upon the guidelines recommended by Geary.100 The deprotonated analogues of the 
1,2-ethanediol and glycerol complexes [S-(R* ,R*)]-76 and -77 were null-valent 
electrolytes in all solvents tried. The amino-carboxylato complexes [S-(R* ,R*)]- or 
(R* ,R*)-78 - 81 conduct as uni-univalent electrolytes in acetone, methanol, and 
nitromethane, although they are null-valent ion-pairs in dichloromethane. The 1,2-
ethanediol complex [S-(R* ,R*)]-71 does not conduct in dichloromethane, but it is a 
di-univalent electrolyte in acetone and methanol and a uni-univalent electrolyte in 
nitromethane. The 2-amino-1,3-propanediol complex (R* ,R*)-75 is a null-valent 
electrolyte in dichloromethane but behaves as a di-univalent electrolyte in acetone, 
methanol, and nitromethane, as do the 1,2-ethanediamine and 2-aminoethanol 
complexes (R* ,R*)-73 and -74. Complexes (R* ,R*)-73 and -74 were insufficiently 
soluble in dichloromethane for conductivity studies. The non-conductance of cationic 
complexes in dichloromethane can be attributed to strong ion-pairing of the salts in this 
solvent. IOI As previously mentioned, the neutral bis(triflato) complex [S-(R* ,R*)]-
69 is a null-valent electrolyte in dichloromethane but it conducts as a di-univalent 
electrolyte in acetone and methanol, due to complete displacement of the triflato 
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. , 
Figure 11. ORTEP diagrams of the two cations in the unit cell of (R* ,R*)-72. 
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Table XI. Conductivity Data for Bivalent Platinum Complexes 
complex 
[S-(R* ,R*)]-69 140(2:1) 198(2:1) 
[S-(R* ,R*)]-71 150 (2:1) 201 (2: 1) 
[S-(R* ,R*)]-72 insoluble insoluble 190 (2:1) 
(R* ,R*)-73 insoluble 148 (2: 1) 180 (2: 1) 
(R* ,R*)-7 4 insoluble 169 (2: 1) 181 (2: 1) 
(R* ,R*)-75 154 (2:1) 183 (2: 1) 
[S-(R* ,R*)]-76 
[S-(R* ,R*)]-77 0.18b 
(R* ,R*)-78 0.53b 127(1:1) 73 (1: 1) 
[S-(R* ,R*),(R*)]-79 129 (1:1) 69 (1 :1) 
[S-(R* ,R*)(2R* ,3S*)]-80 0.33b 137 (1:1) 85 (1: 1) 
(R* ,R*)-81 131 (1:1) 73 (1:1) 
(R* ,R*)-82 14(1:1) 127 (1: 1) 90 (1 :1) 
a Conductance in cm2 Q-1 mol-1 for 10-3 M solutions at 293 K. 
b Null-valent electrolytes. 
90 (1: 1) 
93 (1: 1) -
104 (1: 1) 
146 (2:1) 
139 (2:1) 
148 (2:1) 
0.10b 
o.1sb 
71 (1:1) 
80 (1: 1) 
73 (1:1) 
79 (1:1) 
85 (1:1) 
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ligands by the solvent molecules. The glycerol complex [S-(R* ,R*)]-72 is insoluble 
in acetone and dichloromethane, but like the 1,2-ethanediol complex [S-(R* ,R*)]-71, 
it behaves as a di-univalent and uni-univalent electrolyte in methanol and nitromethane, 
respectively. Displacement of one of the donor atoms by nitromethane explains the 
behaviour of complexes [S-(R* ,R*)]-69, [S-(R* ,R*)]-71, and [S-(R* ,R*)]-72 as 
uni-univalent electrolytes in this solvent. The salicylaldehydato complex (R* ,R*)-82 
is a uni-univalent electrolyte in all solvents tested. 
2.10 Trans Influence in 3lp{lH} NMR Spectroscopy 
The trans influence of a ligand in a metal complex was defined in 1966 by 
Pidcock et al. as the extent to which that ligand weakens the bond trans to itself in the 
equilibrium state of that complex.102 In 3lp{ lH} NMR spectroscopy the platinum-
phosphorus coupling constant, lf PtP, in platinum(II) complexes of a given phosphine 
has been shown to depend upon the covalency of the Pt-P bond and the s-character of 
the platinum orbital used in the bond.102 
The relative simplicity of a 31 P{ lH} NMR spectrum makes it a valuable 
diagnostic aid for the characterization of the platinum complexes prepared in this 
work. The magnitude of the lfPtP values from the 3lp{ lH} NMR spectrum of these 
complexes has been used to determine the nature of the donor atom trans to the 
phosphorus atom in each bis( tertiary phosphine) complex. The 31 P { 1 H} NMR data 
for the bis(tertiary phosphine) complexes prepared from [S-(R* ,R*)]- or (R* ,R*)-69 
are listed in Table XII. For ease of comparison, the 31 P { 1 H} NMR data for 
[S-(R* ,R*)]-[PtC!i(diph)], [S-(R* ,R*)]-[PtMe2(diph)], and [S-(R* ,R*)]-
[Pt(0S02CF3)2(diph)] have also been included. 
Bis(tertiary phosphine) platinum(II) complexes containing symmetrical 
ligands exhibit a single phosphorus resonance flanked by satellites due to coupling 
with 195pt (33.6% abundance, I= 1/2) in the 3lp{1H} NMR spectrum. Thus, the 
31 P { 1 H} NMR spectra of the 1,2-ethanediol, 1,2-ethanediamine, and 1,2-ethane-
diolato complexes [S-(R* ,R*)]- or (R* ,R*)-71, 73, and 76, respectively, all contain 
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Table XII. 31 P NMR Data for Bivalent Platinum Complexes 
8P 2 1 lpp lptP 
complex solvent (ppm) (Hz) (Hz) 
[S-(R* ,R*)]-[PtC12(diph)] CD2CI2 31.8 3575 
[S-(R* ,R*)]-[Pt(CH3)i(diph)] CD2CI2 35.6 1768 
[S-(R* ,R*)]-[Pt(0S02CF3)z(diph)] ~:g~ 25.1 3994 26.8 3890 
H 
Cp"'2+/o) CD2CI2 24.7 3862 
/Pt' CD30D 26.2 3873 p 0 
H 
[S-(R* ,R*)]-71 
H 
p 0 C "'2+/ ~ CD30D 24.5 3863 p/Pt'O * OH 
H 
[S-(R* ,R*)]-72 
H2 
p N C "'2+/ ) CD30D 27.8 3105 /Pt' p N 
H2 
(R* ,R*)-73 
H2 
p N C "'2+/ ) CD30D 21.1 7.6 3678 (P trans to 0) /Pt' 29.1 7.9 3189 (P trans to N) p 0 
H 
(R* ,R*)-14 
H 
Cp"' /0~ p/i;,N * OH CD30D 21.6 9.5 3414 (P trans to 0) 30.1 9.3 3093 (P trans to N) 
H2 
(R* ,R*)-7 S 
Cp"'Pt/0) 
P/ "o CD2CI2 22.0 3258 
[S-(R* ,R*)]-76 
Table XII. (Continued) 
complex 
Cp"' /0~ 
p/Pt""-...0 * OH 
[ S-( R * ,R *) ]-7 7 
H2 Cp"'+/Nl /Pt""-... CF3S03 -
P O 0 
(R* ,R*)-78 
[S-(R* ,R*),(R*)]-79 
[S-(R* ,R*),(2R* ,3S*)]-80 
(R* ,R*)-81 
H 
(R* ,R*)-82 
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solvent 
CD2Cl2 
CD30D 
8P 
(ppm) 
20.9 
32.1 
21.5 
32.1 
2 Jpp 1 JptP 
(Hz) (Hz) 
9.4 3257, 3307 
(major diastereomer) 
9.4 3252, 3313 
(minor diastereomer) 
9.9 3438 (P trans to 0) 
9.7 3239 (P trans to N) 
9.9 3452 (P trans to 0 ) 
10.0 3228 (P trans to N) 
10.2 
10.3 
8.9 
9.4 
10.2 
10.2 
3475 (P trans to 0) 
3258 (P trans to N) 
3387 (P trans to 0 ) 
3186 (P trans to N) 
3399} P trans to C-0 
3346 P trans to C=O 
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a single phosphorus resonance as is observed for the dichloro, dimethyl, and 
bis( triflato) complexes. 
For complexes containing an unsymmetrical chelating agent, two distinct 
phosphorus resonances are observed in the 31 P { 1 H} NMR spectrum. Furthermore, 
each signal appears as a doublet due to phosphorus coupling. Thus, two doublets are 
observed in the 31 P { 1 H} NMR spectra of the 2-aminoethanol, 2-amino-1,3-
propanediol, and amino-carboxylato complexes [S-(R* ,R*)]- or (R* ,R*)-74, 75, and 
78 - 82 with an average 2Jpp coupling constant of 10 Hz. In each case the signal to 
higher field was assigned to the phosphorus atom trans to the oxygen atom as this 
signal has the larger lf PtP coupling constant while the resonance to lower field with 
the lower lJPtP value was assigned to the phosphorus atom trans to the nitrogen 
donor. The assignments made are consistent with those made by Bennett and 
coworkers for phosphorus trans to oxygen or nitrogen donors in various platinum(Il) 
complexes.103 
Although the phosphorus atoms in the glycerol complex [S-(R* ,R*)]-72 are 
in chemically different environments only a single phosphorus resonance is observed. 
The equivalence of the phosphorus atoms on the 3lp{ lH} NMR time scale can be 
attributed to a rapid site-exchange of the coordinated and free OH groups. A variable 
temperature 3lp{ lH} NMR investigation of [S-(R* ,R*)]-72 was undertaken in an 
attempt to slow down the exchange process, but even at -80 °c no discernible change 
in the NMR spectrum was apparent. The site-exchange of the hydroxy groups may be 
facilitated in CD30D, but the poor solubility of [S-(R* ,R*)]-72 precluded 
measurements in non-polar solvents. 
The 1,2-ethanediol and glycerol ligands in [S-(R* ,R*)]-71 and 72 are 
coordinated as bidentates in the solid state. A close comparison of the lf PtP values of 
the bis(triflato), 1,2-ethanediol, and glycerol complexes [S-(R* ,R*)]-69, 71, and 72 
confirmed that diol chelation in [S-(R* ,R*)]-71 and 72 was maintained in solution. 
The similarity of the lf PtP values of [S-(R* ,R*)]-69 in CD30D (3890 Hz) to those of 
[S-(R* ,R*)]-71 (3862 Hz in CD2Cl2 and 3873 Hz in CD30D) and [S-(R* ,R*)]-72 
(3863 Hz in CD30D) suggested that the 1,2-ethanediol and glycerol ligands are 
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coordinated in the respective complexes in CD30D and CDiCh. Further evidence 
was provided by the method of preparation of [S-(R* ,R*)]-72: the glycerol complex 
of platinum(II) can be prepared in methanol and crystallized by the addition of diethyl 
ether. If methanol was a stronger donor than glycerol for platinum(II), then the 
glycerol complex [S-(R* ,R*)]-72 would not have been isolated. Furthermore, the 
magnitude of the lJPtP coupling constant in each of the bidentate alcohol complexes is 
approximately 20-30 Hz smaller than that of the bis(methanol) complex (that is, of 
[S-(R* ,R*)]-69 in CD30D) adding support to the conclusion that methanol is a 
weaker donor for platinum(II) than 1,2-ethanediol or glycerol. The enhanced ability 
of 1,2-ethanediol and glycerol to form complexes with platinum(II) compared to 
methanol can be attributed to strong 1,2-diol chelation of the potentially bidentate 
ligands in each case.104 
The lowest lJPtP value of 1768 Hz for [S-(R* ,R*)]-[PtMe2(diph)] provides 
clear evidence that the CH3 group is the ligand of highest trans influence in the present 
series. The NH2 donor groups in (R* ,R*)-73, 74, and 75 and in the amino-
carboxylato complexes rank second in terms of trans influence. lJPtP values for P 
trans to NH2 in these complexes vary from 3093 to 3228 Hz. The lower values for 
Pt-P coupling for P trans to NH2 compared to that trans to OH is indicative of NH2 
being a stronger donor for platinum than OH. For the 2-aminoethanol and 2-amino-
1,3-propanediol complexes (R* ,R*)-74 and 75, the lJPtP value for P trans to 
alcohol-0 is significantly lower (3678 and 3414 Hz, respectively) than those recorded 
for the 1,2-ethanediol and glycerol complexes [S-(R* ,R*)]-71 and 72. 
Deprotonation of the glycerol complex [S-(R* ,R*)]-72 with sodium 
methoxide affords the neutral glycerolato-10,20 platinum(II) complex [S-(R* ,R*)]-
77, which exist in solution as a mixture of diastereomers epimeric at the methine-C. 
Unlike the glycerol complex in which rapid site-exchange between the coordinated and 
free OH groups render the 31 P nuclei equivalent on the NMR time scale, the 
deprotonated analogue is comparatively less labile: separate signals were evident for 
each of the inequivalent phosphorus nuclei of the two diastereomers of [S-(R* ,R*)]-
77. The 31 P { 1 H} NMR spectrum of the gl ycerolato complex consists of an AB 
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quartet with lf PtP values of 3257 and 3307 Hz for the major diastereomer and 3252 
and 3313 Hz for the minor diastereomer. A detailed discussion of the two 
diastereomers for the glycerolato complex will appear in Chapter 3. Similarly, the 
3Ip{ lH} NMR spectrum of the salicylaldehydato complex (R* ,R*)-82 consists of an 
AB quartet. The lf PtP values of 3399 Hz and 3346 Hz for (R* ,R*)-82 verified that 
salicylaldehyde was bound to platinum(II) through the carbonyl and the phenolic 
oxygen atoms. 
The lf PtP values for phosphorus atoms trans to non-protonated oxygen 
atoms vary from 3257 Hz to 3475 Hz with the glycerolato complex [S-(R* ,R*)]-77 
having the lowest coupling constant and hence the least covalent Pt-P bond among the 
alkoxo complexes. Although the triflato ligands are dissociated in CD30D, in CD2Cli 
the ligands are coordinated as reflected in the magnitude of the I95pt_3lp coupling 
constants: [S-(R* ,R*)]-69 in CD30D exhibits a coupling constant that is 
approximately 130 Hz smaller than that recorded for the same complex in CD2Cli. 
From the range of complexes prepared, the CF3S03- group is the ligand of 
lowest trans influence while the CH3 group tops the list in the trans influence series. 
The lf PtP values are small in complexes where the phosphorus atom is trans to a 
ligand of high trans influence as the Pt-P bond is made less covalent.102 On the other 
hand, the introduction of an electron-withdrawing triflate substituent lowers the trans 
influence and increases the lf PtP value. Alcohol-0 donors have a lower trans 
influence than non-protonated-0 donors while nitrogen donors are in general better 
ligands for platinum(II) than oxygen donors. Furthermore, the 3Ip{ lH} NMR data 
corroborates the conductivity data, with all complexes retaining their identity in 
dichloromethane and methanol, and dissociation of coordinated ligands only being 
observed for the bis(triflato) complex [S-(R* ,R*)]-69 in methanol. 
2.11 lH and 13C{1H} NMR Spectroscopy 
The lH and I3C{1H} NMR spectra of the various platinum complexes 
perpared are similar to one another. The common features in the lH and 13C{ lH} 
NMR spectrum of each complex in CD2Cli or CD30D are outlined below. A detailed 
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investigation of the 1 H and Be { 1 H} NMR spectral data and solid state structure of the 
glycerolato complex [S-(R* ,R*)]-77 together with its derivatization reactions will 
appear in Chapter 3. 
(i) Common Features in the lff NMR Spectra of Bivalent Platinum 
Complexes 
1 H NMR spectral data for the 1,2-ethanediol and glycerol complexes, 
[S-(R* ,R*)]-71 and 72, respectively, are listed in Table XIII. For ease of 
comparison the spectral data of the bis(triflato) complex [S-(R* ,R*)]-69 are also 
included in this table. Table XIV lists the lH NMR spectral data for the 1,2-
ethanediamine, 2-aminoethanol, and 2-amino-1,3-propanediol complexes (R* ,R*)-73 
-76, while the corresponding data for the 1,2-ethanediolato ([S-(R* fl*)]-76), amino-
carboxylato ([S-(R* ,R*)]- or (R* fl*)-78 - 81), and salicylaldehydato [(R* fl*)-82] 
complexes appear in Table XV. 
The PMe resonances of complexes in which the phosphorus atoms reside 
trans to equivalent donor atoms, such as in the 1,2-ethanediol, 1,2-ethanediamine, and 
1,2-ethanediolato complexes, [S-(R* fl*)]- or (R* fl*)-71, 73, and 76, respectively, 
appear as a doublet. In the 2-aminoethanol, 2-amino-1,3-propanediol, amino-
carboxylato, and salicylaldehydato complexes [S-(R* fl*)]- or (R* fl*)-74, 75, and 
78 - 82, the PMe resonances are evident as two sets of doublets due to coupling with 
the two non-equivalent 31 P nuclei. The rapid site-exchange of the OH groups in the 
glycerol complex [S-(R* ,R*)]-72 is also evident on the lH NMR time scale by the 
appearance of one doublet for the PMe resonances. The PMe signals resonate 
between 8 2.32 and 2.62 with an average 2fPH of 12 Hz. Coupling of the PMe 
groups to platinum was evident for each complex but only sufficiently resolved in the 
1,2-ethanediol, glycerol, 1,2-ethanediamine, 1,2-ethanediolato, glycinato, and 
alaninato complexes to enable evaluation of 3f Pt.H (average 3JPtH = 42 Hz). 
The NH2 signals in the 1,2-ethanediamine, 2-aminoethanol, and 2-amino-
1,3-propanediol complexes consisted of broad resonances of low intensity centred at 8 
3.02, 3.89 and 3.15, respectively. The NH2 resonances in the glycinato, alaninato, 
Table XIII. lH NMR Data for [S-(R* ,R*)]-69, 71, and 72 
complex 
(ligand) 
solvent oPMe 
(ppm) 
[S-(R* ,R*)] -69 CD2Cb 2.55 (d) 
(triflato) CD30D 2.52 (d) 
[S-(R*,R *)] -71 CD2Cb 2.52 (d) 
(1,2-ethanediol) CD30D 2.55 (d) 
[S-(R* ,R*)] -72 CD30D 2.62 (d) 
(glycerol) 
a obscured by HOD peak of solvent 
2fPH 
(Hz) 
12.6 
12.3 
12.6 
12.6 
12.0 
3JptH 
(Hz) 
42.3 
42.3 
42.3 
42.1 
41.7 -
o CH or CH2 
(ppm) 
3.90 (s, CH2) 
3.90 (s, CH2) 
3.41 (m, CH2) 
3.53 (m, CH) 
oOH 
(ppm) 
6.02 (br) 
a 
a 
o aromatics 
(ppm) 
7.56-7.79 (m) , 
7.58-7.82 (m) 
7.56-7.79 (m) 
7.59-7.82 (m) 
7.49-8.11 (m) 
I 
00 
~ 
I 
Table XIV. lH NMR Data for (R*,R*)-73 - 75 in CD30D 
complex 
(ligand) 
(R* ,R*)-73 
(1,2-ethanediamine) 
(R*,R*)-74 
(2-aminoethanol) 
(R* ,R*)-7 5 
(2-amino-1,3-propanediol) 
oPMe 
(ppm) 
2.62 (d) 
2.58 (d) 
2.66 (d) 
2.52 (d) 
2.59 (d) 
a obscured by HOD peak of solvent 
2fPH 
(Hz) 
12.0 
12.0 
12.5 
12.0 
12.0 
3fPtH 
(Hz) 
33.6 
o CH or CH2 
(ppm) 
2.83 (d, CH2) 
4f PH = 8.36 Hz 
2.84 (m, CH2NH2) 
3.02 (m, CH20H) 
3.64-3.92 
(m, CH and CH2) 
.' 
oOH 
(ppm) 
a 
a 
0NH2 
(ppm) 
3.02 (br) 
3.89 (br) 
3.15 (br) 
o aromatics 
(ppm) 
7.81-8.05 (m) 
7.62-8.09 (m) 
7.56-8.00 (m) 
I 
00 
N 
I 
Table XV. lH NMR Data for [S -(R*,R*)]- or (R*,R*)-76, 78 - 82 
complex 
(ligand) 
[S -(R* ,R*)]-7 6 
(1,2-ethanediolato) 
(R*,R*)-78 
(gl ycinato) 
[S-(R* ,R*),(R*)]-79 
( alaninato) 
[S-(R* ,R*),(2R* ,3S*)]-80 
(threoninato) 
(R* ,R*)-81 
(sarcosinato) 
(R* ,R*)-82 
(salicy laldehydato) 
PCH3 
solvent 8 2fPH 
(ppm) (Hz) 
C~Ch 2.32 (d) 11.7 
CD30D 2.51 (d) 12.0 
2.54 (d) 12.4 
CD)OD 2.39 (d) 12.2 
2.48 (d) 11.7 
CD30D 2.52 (d) 12.2 
2.56 (d) 12.3 
CD2Cl2 2.44 (d) 12.2 
2.51 (d) 11.8 
CD2Ci2 2.42 (d) 11.9 
2.46 (d) 12.5 
a obscured by HOD peak of solvent 
31PtH 
(Hz) 
41.7 
41.2 
43.0 
40.8 
41.3 
-
-
CH or CH2 or CH3 
8(ppm) (Hz) 
3.54 (d, CH2) 4lpH = 3.0 
3f PtH = 26.6 
3.67 (m, CH2) 
.• 
3.84 (q, CH) 
1.45 (d, CH3) 3JHH = 7.3 
3.61 (m, a-CH) 
4.18 (m, P-CH) 
1.27 (d, CH3) 3JHH = 6.5 
3.25-3.97 (m, CH2) 
9.32 (d, CHO) 4lpH = 15.6 
NH or NH2 or NCH3 aron1atics 
or OH 
8 (ppm) 8(ppm) 
7.42-7. 89 (111) 
NH2a 7 .54-8.04 (m) 
NH2a 7.61 -8. 13 (m) 
J 
NH2a and OHa 7.57-8.05 (m) 
2.00 (d of d, NCH3) 7.41-7.98 (m) 
3JHH = 5.8 Hz 
3f PtH = 33.1 Hz 
4lpH = 5.9 Hz 
6.36 (br, NH) 
6.80-7.98 (m) 
I 
00 
vJ 
I 
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and threoninato complexes [S-(R* fl*)]- or (R* fl*)-78, 79, and 80, respectively, 
are obscured by the HOD peak of the solvent (CD30D). Coupling of the NH2 protons 
to the trans phosphorus atom or to the methine or methylene protons adjacent to it was 
not observed in any of the bivalent platinum complexes prepared. The NH proton of 
the N-methylglycinato (henceforth referred to as sarcosinato) complex (R* ,R*)-81 
was a broad signal at 8 6.36, while the NMe protons were evident as doublets of 
doublets at 8 2.00 as a result of coupling to the trans phosphorus atom and the 
adjacent NH proton. 
The OH resonances of the 1,2-ethanediol, glycerol, 2-aminoethanol, 2-
amino-1,3-propanediol, and threoninato complexes are obscured by the HOD peak of 
the solvent (CD30D). The OH signal of the 1,2-ethanediol comple)( in CD2Ch, 
however, is a broad resonance of low intensity at 8 6.02. 
In each of the complexes, the aromatic resonances consisted of a broad 
manifold of resonances between 8 7.41-8.11. 
(ii) Common Features in the 13C{1H} NMR Spectra of Bivalent 
Platinum Complexes 
The 13c { 1 H} NMR spectral data for the bis( triflato ), 1,2-ethanediol, and 
glycerol complexes [S-(R* fl*)]-69, 71, and 72, respectively, appear in Table XVI. 
Table XVII summarizes the I 3c { 1 H} NMR spectral data for the 1,2-ethanediamine, 2-
aminoethanol, and 2-amino-1,3-propanediol complexes (R* ,R*)-73-75 while Table 
XVIII lists the analogous data for the 1,2-ethanediolato ([S-(R* fl*)]-76), amino-
carboxylato ([S-(R* fl*)]- or (R* fl*)]-78 - 81) and salicylaldehydato [(R* fl*)-82] 
complexes. 
The PMe resonances of complexes in which the phosphorus atom is trans to 
equivalent donor atoms such as in the 1,2-ethanediol, glycerol (due to rapid site-
exchange of OH groups), 1,2-ethanediamine, and 1,2-ethanediolato complexes 
[S-(R* fl*)]- or (R* ,R*)-71, 72, 73, and 76, respectively, are evident as a set of 
doublets. On the other hand, in complexes where the phosphorus atom resides trans 
to non-equivalent donor atoms as in the 2-aminoethanol, 2-amino-1,3-propanediol, 
Table XVI. 13C( lH) NMR Data for [S-(R* ,R*)]-69, 71 and 72 
complex 
(ligand) 
solvent 
[S-(R* ,R*)]-69 CD2Ch 
8PMe 
(ppm) 
12.80 (d) 
IJpc 
(Hz) 
45.0 
(triflato) CD30D a12.73 (d) 45.0 
[S -(R* ,R*)]-71 CD2Cli 
(1,2-ethanediol) CD30D 
[S -(R* ,R*)]-72 CD30D 
(glycerol) 
13.15 (d) 
11.17 (d) 
11.80 (d) 
44.6 
45.5 
45.2 
2fPtC 
(Hz) 
28.8 
28.1 
8CHorCH2 
(ppm) 
66.52 (s, CH2) 
64.32 (s, CH2) 
64.38 (s, CH2) 
73.86 (s, CH) 
8 CF3S03 
(ppm) 
120.31 
121.16 
120.44 
120.44 
120.47 
lfcF 
(Hz) 
8 aromatics 
(ppm) 
318.7 (q) 129.94-134.98 (m) 
318.0 (q) 128.65-135.09 (m) 
319.0 (q) 129.96-135.44 (m) 
318.1 (q) 130.83-136.28 (m) 
318.9 (q) 130.86-137.00 (m) 
I 
00 
U\ 
I 
Table XVII. 13C(1H) NMR Data for (R*,R*)-73 - 75 in CD30D 
complex 
(ligand) 
(R* ,R*)-73 
(1 ,2-ethanediamine) 
(R*,R*)-74 
(2-aminoethanol) 
(R* ,R*)-7 5 
(2-amino-1,3-propanediol) 
oPMe 
(ppm) 
12.71 (d) 
12.68 (d) 
13.34 (d) 
12.04 (d) 
13.22 (d) 
IJpc 
(Hz) 
42.8 
41.9 
43.1 
41.2 
43.2 
o CH or CH2 
(ppm) 
47 .31 (s, CH2) 
42.74 (s, CH2NH2) 
58.85 (s, CH20H) 
61.60 (s, CH) 
66.61 (s, CH20Pt) 
65.84 (s, CH20H) 
o CF3S03 
(ppm) 
121.76 (q) 
121.70 (q) 
121.76 (q) 
lfcF 
(Hz) 
318.7 
318.4 
318.4 
o aromatics 
(ppm) 
129.41-141.32 (m) 
129.41-141.32 (m) 
' I 
128.97-141.20 (m) 
I 
00 
Cf' 
Table XVIII. 13C( lH} NMR Data for [S-(R* ,R*)]- or (R*,R*)-76, 78 - 82 
complex 
(ligand) 
[S-(R*,R*)] -76 
( 1,2-ethanediolato) 
( R * ,R * )-7 8 -
(glycinato) 
[S -(R * ,R*),(R*)]-79 
(alaninato) 
solvent 8 PCH3 (lfpc) 8 CH or CH2 or CH3 8 C=O 
(ppm) (Hz) (ppm) (ppm) 
CD2Cl2 13.01 (d, 39.3) 74.44 (s, CH2) 
2JPLC = 31.3 2JPLC = 18.6 
CD30D 12.38 (d, 41.5) 45.55 (s, CH2) 187.72 (s) 
13.38 (d, 43.6) 
CD30D 11.99 (d, 41.2) 20.18 (s, CH3) 188.27 (s) 
12.91 (d, 43.7) 53.51 (s, CH) 
[S -(R* ,R*),(2R* ,3S*)] -80 CD30D 11.95 (d, 29.6) 20.59 (s, CH3) 186.02 (s) 
(threoninato) 
(R*,R*)-81 
(sarcosinato) 
12.79 (d, 31.3) 63.42 (s, a -CH) 
69.00 (s, P-CH) 
CD2Cl2 12.27 (d, 41.1) 41.34 (s, CH2) 180.99 (s) 
13.52 (d, 42.1) 56.40 (s, NCH3) 
' I 
8 C-0 8 CF3S03 (11cF) 
(ppm) (ppm) (Hz) 
8 aromatics 
(ppm) 
128.82- 143.65 (m) 
122.17 (q, 319.1) 129.93-143.50 (m) 
121.74 (q, 317.6) 129.11 -143.22 (m) 
121.74 (q, 318.4) 128.79- 143.46 (m) 
121.74 (q, 318.2) 130.02-143.63 (m) 
(R* ,R*)-82 
(salicy laldeh ydato) 
CD2Cl2 12.19 (d, 30.1) 
13.02 (d, 28.7) 
188.49 (s) 197.21 (s) 122.03 (q, 318.5) 129.81 -141.29 (m) 
I 
00 
-....J 
I 
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amino-carboxylato, and salicylaldehydato complexes [S-(R* ,R*)]- or (R* ,R*)-74, 
75, 78 - 82, respectively, the PMe resonances consisted of two sets of doublets as a 
result of coupling to the two inequivalent 3lp nuclei. The PMe resonances for each 
complex, which appeared between 8 11.08 and 13.38 (lfpc values ranging from 28-
45 Hz), were flanked by 195pt satellites but were only adequately resolved to enable 
evaluation of 2 f PtC in the 1,2-ethanediol and 1,2-ethanediolato complexes 
[S-(R* ,R*)]-71 (28.1 Hz) and [S-(R* ,R*)]-76 (18.6 Hz), respectively. 
Ionic triflate was observed as a quartet at ca 120 ppm with 1lcF values in the 
vicinity of 318 Hz in each case. The lJCF values observed in these complexes were 
similar to those of the coordinated triflato groups in the bis(triflato) complex 
[S-(R* ,R*)]-69. 
The aromatic resonances of the complexes consisted of multiplets between 8 
129 and 144. 
The remaining carbon resonances (CH, CH2, CH3, C=O, and C-0) were 
evident as singlets. Coupling to the phosphorus by these carbon atoms may be 
present but were not clearly evident in the 13C{ lH} NMR spectrum. The rapid site-
exchange of the OH groups in the glycerol complex [S-(R* ,R*)]-72 renders the two 
methylene carbon atoms of the glycerol molecule equivalent. Hence, only a single 
carbon resonance (8 64.38) was observed for the two methylene groups in 
[S-(R* ,R*)]-72. The resonance due to the methine carbon atom in this complex was 
evident as a singlet at 8 73.86. 
2 .12 Discussion of NMR Spectral Data 
The PMe resonances in the lH NMR spectrum of the glycerol complex 
[S-(R* ,R*)]-72 in CD30D do not differ appreciably from that of the 1,2-ethanediol 
complex [S-(R* ,R*)]-71 in the same solvent. The main difference in the spectra is 
that the methylene protons of the glycerol ligand in [S-(R* ,R*)]-72, being adjacent to 
an asymmetric carbon centre, are diastereotopic and resonate as a multiplet centred at 8 
3.41 due to coupling to one another and to the methine proton. Similarly, the 
resonances of the methine proton is complicated by coupling to two sets of 
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diastereotopic protons on adjacent carbon atoms and appear as multiplets at 8 3.53. 
The complexity of the 1 H NMR spectrum in the methylene and methine region of 
[S-(R* fl*)]-72 is direct evidence of glycerol coordination to platinum(II) in 
methanol. The methylene protons of the 1,2-ethanediol complex resonate as a 
deceptively simple singlet at 8 3.90. Clear evidence for 1,2-ethanediol coordination to 
platinum(II) in solution, however, is provided by the lf PtP value of [S-(R* fl*)]-72 
in CD30D which is approximately 20 Hz lower than the bis(methanol) complex (see 
page 78). 
As described previously for the 1,2-ethanediol complex [S-(R* fl*)]-71, the 
puckered five-membered chelate rings in the 1,2-ethanediamine and 2-aminoethanol 
complexes (R* ,R*)-73 and 74, respectively, are also subject to rapid interconversion 
between the 8 and A enantiomeric forms (Figure 9). As a result, an averaged structure 
of these complexes was observed on the NMR time scale. These observations are in 
accord with those of Beattie for NMR studies of the tris(l ,2-ethanediamine) complex 
of cobalt(III) [Co(en)3]Cl3.98 
Upon coordination of 2-amino-1,3-propanediol to (R* ,R*)-bis(tertiary 
phosphine)platinum(II), diastereomers can arise due to the presence of the additional 
asymmetric carbon centre, as illustrated in Figure 12. 
Me ,Ph H 
,., 0 
(Xp"2+/ ~ Pt, OH p/ "'-N 
~, H 
Ph 'Me 2 
[(R * ,R*),(S*)]-75 
Figure 12. Diastereomers of (R * ,R*)-7 5 arising from the asymmetric carbon centre 
(only one enantiomer of each diastereomer is depicted). 
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In solution, however, only one set of resonances were apparent for (R* ,R*)-
75. The single set of resonances can be attributed to a stereoselective formation of 
one of the diastereomers or a rapid interconversion between the two diastereomers on 
the NMR time scale to give a time-averaged species. 
The amino-carboxylato chelate rings in metal complexes can exist in either of 
two conformations as illustrated in Figure 13.105 
puckered 
envelope 
Figure 13. Puckered and envelope conformations of amino-carboxy lato chelate 
rings in metal complexes. 
According to energy calculations, however, there is no significant energy 
cliff erence between the minimum energy axial and equatorial conformations, nor is 
there an energy barrier to ring inversion for the amino-carboxylato chelate rings.1 05 
-91-
Consistent with this hypothesis, none of the amino-carboxylato complexes prepared in 
this work exhibited diastereomerism due to ring chirality. 
The diastereotopic methylene protons of the glycinato complex CR* ,R*)-78 
are evident as multiplets centred at o 3.67 as a result of coupling to one another as well 
as to the trans phosphorus atom. The analogous long range coupling has been 
observed between the trans phosphorus atom in the 8-quinolylphosphine palladiumCII) 
complex 83 to the methine proton of the organometallic ring with a 4f PH value of 
approximately 6 Hz.106 
83 
The abovementioned 4f PH coupling, however, was not observed in the 1,2-
ethanediol complex [S-CR* ,R*)]-71. The methylene protons in the 1,2-ethanediol 
complex resonate as a singlet at o 3.90 CCD30D). In the 1,2-ethanediamine complex 
CR* ,R*)-73, however, the methylene protons are evident as a doublet flanked by 
I95pt satellites at o 2.83 CCD30D). A 1H(31pJ NMR spectrum of CR* ,R*)-73 
confirmed that the doublet was due to the coupling of the methylene protons to the 
trans phosphorus atom (4f PH = 8.36 Hz). The methylene protons of the 1,2-
ethanediolato complex [S-CR* ,R*)]-76 resonate as doublets flanked by I95p t satellites 
at<> 3.54 due to coupling with the trans phosphorus atom C4f PH= 3.0 Hz and 3f PtH = 
26.6 Hz). 
To avoid mixtures of diastereomers, the alaninato and threoninato complexes 
were prepared by treating [S-CR* ,R*)]-69 with the sodium salts of S-alanine 
CL-alanine) or [S-C2R* ,3S*)]-threonine CL-threonine), respectively. The methine 
protons Ca-CH) of the optically pure alaninato and threoninato complexes were 
observed as multiplets due to coupling with protons on the adjacent carbon atoms and 
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possibly with the phosphorus atoms of the bidentate phosphine. A 1H(3lp } NMR 
spectrum of the alaninato and threoninato complexes did not alleviate the complex 
coupling situation. Similarly, the P-CH proton in the threoninato complex resonated 
as a multiplet due to coupling with the proton on the a-carbon as well as the methyl 
protons. The methyl resonances of the alaninato and threoninato complexes were 
observed as the expected doublets due to coupling with adjacent methine protons. 
Coordination of sarcosine to platinum(m creates an asymmetric centre at the 
nitrogen atom and therefore two diastereomers of the complex are possible (Figure 
14). 
[(R* ,R*),(S*)]-81 [(R* ,R*),(R*)]-81 
Figure 14. Diastereomers of (R* ,R*)-81 arising from the asymmetric nitrogen 
centre ( only one enantiomer of each diastereomer is depicted). 
NMR spectral investigations of the sarcosinato complex (R* ,R*)-81 showed 
the presence of one set of resonances which can be attributed to a completely 
stereoselective reaction with formation of one diastereomer or a rapid interconversion 
between the two diastereomers to afford a time-averaged species on the NMR time 
scale. The NMe protons of (R* ,R*)-81 in the lH NMR spectrum are evident as 
doublets of doublets at 8 2.00 with corresponding 195pt satellites. In the 1 H { 31 P} 
NMR spectrum, the NMe protons resonated as a doublet confirming they were 
coupled to the NH proton as well as the phosphorus atom situated trans to it (3 lHH = 
5.8 Hz, 3f PtH = 33.1 Hz, and 4fPH = 5.9 Hz). The methylene protons in the 
sarcosinato (sar) complex [PtC!i(sar)]Cl form the AB part of an ABX spin system due 
to coupling with the NH proton.107 In (R* ,R*)-81, however, apart from coupling to 
the NH proton, the resonances of the methylene protons are complicated by additional 
...... 
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long range coupling to the trans phosphorus atom of the bidentate phosphine ligand 
and were observed as multiplets between O 3.25 and 3.97. 
The aldehyde proton of the salicylaldehydato complex (R* ,R*)-82 was 
evident as a doublet due to coupling with the trans phosphorus atom (4fPH = 15.6 Hz) 
in the I H NMR spectrum. The corresponding 195pt satellites for the aldehyde proton 
was not adequately resolved to enable evaluation of 3f Pt.H. 
Coupling of the methine or methylene protons within the five-membered 
chelate rings of the diol and amino-alcohol complexes to the trans phosphorus atoms 
was not evident. 
2.13 Conclusion 
The !ability of the unidentate CF3S03- ligands in the precursor complexes 
[S-(R* ,R*)]- or (R* ,R*)-69 has been demonstrated by the ability of various N-and/or 
0-containing ligands to displace the triflato groups as outlined in Scheme XXV. 
The ease with which the triflato ligands are displaced identifies [S-(R* ,R*)]-
69 as a potentially valuable inorganic precursor for the coordination of weak donor 
ligands to platinum. 
2 .14 Experimental 
2.14.1 General 
Reactions involving air-sensitive and hygroscopic materials were performed 
under an atmosphere of argon with use of the Schlenk technique. All solvents were 
dried in the recommended mannerl08 and were freshly distilled under argon prior to 
use. lH, 1H(3lp}, 13C{1H}, 3lp{1H} and 19p NMR spectra were recorded at 25 °c 
on Varian XL 200E or Bruker CXP 200 spectrometers; chemical shift values are 
quoted relative to: Me4Si (for lH, 1H(3lp}, and 13C{ lHJ NMR), external 85% 
phosphoric acid (3lp{1H} NMR) and internal CFCl3 (19p NMR). Optical rotations 
were measured on solutions in a 1-dm cell thermostatted to 20 °c by use of a Perkin-
Elmer Model 241 polarimeter. Elemental analysis were performed by staff of the 
Microanalytical Unit of the Research School of Chemistry. Molar conductivity 
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Scheme XXV 
(vii) (iii) 
[S-(R* ,R*)) -69 .... 
(v) 
(i) 
HO~H 
(vi) R)--{0 
H;iN o -Na+ 
(ii) HoyoH R = H, CH3, C(OH)CHCH3 
H 
0 
I\ 
(vii) H3C'\. r-{ 
(iii) N o -Na+ 
H2N NH2 / H 
(iv) H2N~H H I 
O=C 
(viii) N,•oD HO~OH (v) 
N 
H2 
C: = [S-(R* .R*)J- or (R* .R*)-1,2-phenylenebis(methylpheoylphosphine) 
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measurements were determined using a Philip PW 9512/02 conductivity bridge in cells 
calibrated to 20 °c for 10-3 M solutions. Infrared spectra were obtained in Nujol 
mulls between KBr or Csl plates with use of a Perkin-Elmer 683 Infrared 
Spectrophotometer. Melting points were determined on a Reichert hot-stage 
microscope melting point apparatus and are uncorrected. X-ray diffraction data were 
collected by Dr W. Robinson of the University of Canterbury, Christchurch, New 
Zealand. The selected crystal was mounted on a fibre and placed in a cold stream of 
nitrogen at -135 °Con a Nicolet XRD P3 diffractometer equipped with Mo Ka 
radiation. The molecular structure was determined by Dr A. C. Willis of the Research 
School of Chemistry. (R* ,R*)-(+)-1,2-Phenylenebis(methylphenylphosphine) was 
prepared and resolved as described previously.78 
2.14.2 Preparation of Bivalent Platinum Complexes 
[SP-4-3]-Dichloro(l,5-cyclooctadiene )platinum(II). [Pt Cb( COD) 
was prepared according to a modification of the method of Chatt and coworkers. 80 A 
mixture of COD ( 40 mL), glacial acetic acid (335 rnL) and finely ground K2[PtCl4] 
(20.00 g, 48.20 mmol) in water (350 rnL) was stirred at room temperature for one 
week. The resulting white precipitate was filtered off, washed copiously with water 
and petroleum ether, and dried in vacuo. Recrystallization of the crude product from 
hot dichloromethane yielded [PtCh(COD)] as pale yellow crystals: mp 254 °c dee 
(lit.80 249 °c dee), yield 16.00 g (92%). Anal. Calcd for CsH12Cl2Pt: C, 25.7; H, 
3.2; Cl, 19.0. Found: C, 25.6; H, 3.4; Cl, 19.1. 
[SP-4-3]-(1,5-Cyclooctadiene)diiodoplatinum(II). This compound 
was prepared by a modification of the literature methoct.80 [PtCh(COD)] (2.95 g, 
7 .88 mmol) and excess sodium iodide (3.00 g, 20.00 mmol) were suspended in 
acetone (100 mL) and the mixture was stirred for 0.5 h. The resulting yellow 
precipitate was filtered off, washed with water, diethyl ether-methanol (10: 1), and 
diethyl ether and dried in vacuo. A second batch of product was obtained by 
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concentration of the mother liquor followed by work-up as above: mp 250 oc dee 
(lit.80 250 °C dee), total yield 4.10 g (93%). Anal. Calcd for CgH12I2Pt: C, 17 .3; H, 
2.2; I, 45.6. Found: C, 17.1; H, 2.1; I, 45.8. 
[SP-4-3 ]-( 1,5-C yclooctadiene )dimethyl platinum (II). 
[PtMe2(COD)] was prepared by a modification of the methcxi of Doyle et al.81 
[PtI2(COD)] (4.09 g, 7.34 mmol) was treated with an excess of methylmagnesium 
iodide [(0.50 g magnesium turnings in diethyl ether (10 mL) and methyl iodide (1.1 
mL) in diethyl ether (40 mL) activated by 2 drops of 1,2-dibromoethane] at room 
temperature. The resulting solution was then quenched with methanol and stirring 
was continued overnight. At the end of this period the reaction mixture was 
evaporated to dryness and the residue was heated under reflux in petroleum ether bp 
30-40 °C for 1 h. Concentration of the petroleum ether-extract yielded the desired 
product as white needles: mp 90-91 oc (lit.81 94-95 oc), yield 2.4 g (98%). lH 
NMR (CD2C}i): 8 0.65 (s, 6 H, 2fPtH = 82.8 Hz, PtCH3), 2.18-2.37 (m, 8 H, 
CH2), 4.78(s, 4 H, 2JptH = 40.3 Hz, HC=CH). Anal. Calcd for C10H1sPt: C, 36.0; 
H, 5.4. Found: C, 36.2; H, 5.7. 
[SP-4-3-[S-(R * ,R *)]]-( + )ss9-[Dimethyl { 1,2-phenylenebis-
(methylphenylphosphine)} ]platinum(II). [PtMe2(diph)] was prepared 
according to a modification of the methcxi described for [PtMe2(dppe)] by Bennett and 
coworkers.109 [R-(R* ,R*)]-1,2-Phenylenebis(methylphenylphosphine) ( 4.60 g, 
14.40 mmol) in CH2Cli (20 mL) was added to [PtMe2(COD)] (4.80 g, 14.40 mmol) 
in CH2Cli (20 mL) and stirring was continued for 1 h. The resulting clear yellow 
solution was concentrated to ca 20 mL and n-pentane was added dropwise to 
crystallize [S-(R* ,R*)]-[PtMe2(diph)] as pale yellow needles: mp 245-248 °c dee, 
yield 7.8 g (98%), [a]5g9 + 108.5° (c 0.20, CH2C}i). lH NMR (CD2Cli): 8 0.48 (d 
of d, 6 H, 31PH(trans) = 15.6 Hz, 3JPH(cis) = 0.8 Hz, 21PtH = 69.8 Hz, PtCH3), 2.08 
(d, 6 H, 3JPtH = 23.8 Hz, 2f PH= 8.1 Hz, PCH3), 7.35-7.77 (m, 14 H, aromatics). 
l3C{ 1H} NMR (CD2C!i): 8 -0.62 (d of d, 2f PC(cis) = 6.2 Hz, 21PC(trans) = 102.7 
r 
I 
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Hz, 11PtC = 601.7 Hz, PtCH3), 12.04 (d, lJpc = 28.7 Hz, 21Ptc = 29.0 Hz, PCH3) , 
128.59-147.20 (m, aromatics). 3lp(1H} NMR (CD2Cli): 8 35.64 (s, lfPtP = 1768 
Hz). Anal. Calcd for C22H2@>2Pt: C, 48.3; H, 4.8; P, 11.3. Found: C, 48.6; H, 
4.7; P; 11.3. The racemic complex (R* ,R*)-[PtMe2(diph)] was prepared in a similar 
manner. Its spectral data were identical to those of the optically pure product. 
[SP-4-3-[S-(R * ,R *) ]]-( + )ss9-[Bis(tri fluoromethanesul fona to)-
{ 1,2-phenyl enebis(methyl phenyl phosphine)}] platinum (II), 
[S-(R* ,R*)]-69. To a solution of [S-(R* ,R*)]-[PtMe2(diph)] (1.00 g, 1.83 mmol) 
in CH2Cli (5 mL) at -78 °C was added triflic acid (0.32 mL, 3.66 mmol) dropwise 
under a positive pressure of argon. When the addition was complete, the dry ice-
acetone bath was removed and the reaction mixture was stirred at room temperature 
until all of the [PtMe2(diph)] had dissolved. Diethyl ether (4.5 mL) was then added 
dropwise and the mixture was left to cool in the freezer until crystallization was 
complete. The bis(triflato)platinum(II) complex crystallized as fine colourless needles. 
Traces of triflic acid were removed by stirring the complex in diethyl ether. 
Recrystallization of the crude material from dichloromethane-diethyl ether afforded the 
pure complex: mp 285-287 °C dee, yield 1.44 g (96%), [a]5g9 +6.7° (c 0.41 , 
CH2Cli). 1H NMR (CD2Cl2): 8 2.55 (d, 6 H, 3JPtH = 42.3 Hz, 2f PH= 12.6 Hz, 
PCH3), 7.56-7.79 (m, 14 H, aromatics). lH NMR (CD30D): 8 2.52 (d, 6 H, 3f PtH 
= 42.3 Hz, 2fPH = 12.3 Hz, PCH3), 7.58-7.82 (m, 14 H, aromatics). 13C{ lH } 
NMR (CD2Cb): 8 12.80 (d, If PC= 45.0 Hz, 2f PtC = 28.8 Hz, PCH3), 120.3 1 (q, 
1lcF = 318.7 Hz, CF3S03), 129.94-134.98 (m, aromatics). I3c{1H} NMR 
(CD30D): 8 12.73 (d, 11PC = 45.0 Hz, 2fPtC = 28.1 Hz, PCH3), 121.16 (q, l f cF = 
318.0 Hz, CF3S03), 128.65-135.09 (m, aromatics). 3lp{lH} NMR (CD2Cb) : 8 
25.1 (s, 11PtP = 3994 Hz). 3lp{ lH} NMR (CD30D): 8 26.8 (s, lf PtP = 3890 Hz). 
l9F NMR (CD2C!i): 8 -79.5 (s). IR (Nujol): (vs=0) 1375 cm-1 . AM= 1 cm2 Q - 1 
mol-1 (CH2Cl2), 140 cm2 Q- 1 mol-1 [(CH3)2CO], 198 cm2 Q- 1 mo1-1 (CH30 H), 90 
cm2 Q- l mol-1 (CH3N02). Anal. Calcd for C22H20F6D@>2S2Pt: C, 32.4; H, 2.5 ; 
P, 7.6. Found: C, 32.1; H, 2.5; P, 7.5. The racemic material , (R* ,R*)-69 gave 
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identical spectral and conductivity data to those of the optically active analogue. The 
melting point of the racemic material was 238-241 °C dee. 
[S P-4-3 [S-(R * ,R * )]]-( + )ss9-[ (1,2-Ethanediol-O ,0) { 1,2-
phenylenebis(methylphenylphosphine)} ]platinum(II) 
Trifluoromethanesulfonate, [S-(R*,R*)]-71. To a solution of [S-(R* ,R*)]-
[Pt(OS02CF3)2(diph)] (0.50 g, 0.61 mmol) in CH2Cli (10 mL) was added ethylene 
glycol (38 mg, 0.61 mmol) and the reaction mixture was stirred for 1 h. At the end of 
this period the reaction mixture was concentrated to ca 5 mL and diethyl ether was 
added to crystallize the product. The product crystallized as fine white needles: mp 
265-267 °C dee, yield 0.48 g (89%), [a]5g9 +40.9° (c 0.24, CH2C!i). lH NMR 
(CD2Ch): 8 2.52 (d, 6 H, 2f PH= 12.6 Hz, 3f PtH = 42.3 Hz, PCH3), 3.90 (s, 4 H, 
CH2), 6.02 (br s, 1 H, OH), 7.56-7.79 (m, 14 H, aromatics). lH NMR (CD30D): 8 
2.55 (d, 6 H, 2f PH= 12.6 Hz, 3fPtH = 42.1 Hz, PCH3), 3.90 (s, 4 H, CH2), 7.59-
7.82 (m, 14 H, aromatics), OH resonance obscured by HOD peak of solvent. 
13C{ lH} NMR (CD2Cli): 8 13.15 (d, If PC= 44.6 Hz, PCH3), 66.52 (s, OCH2), 
120.44 (q, 1lcF = 3.19.0 Hz, CF3S03), 129.96-135.44 (m, aromatics). I3c { I H} 
NMR (CD30D): 8 11.77 (d, lJpc = 45.5 Hz, PCH3), 64.32 (s, OCH2), 126.52 (q, 
1lcF = 318.1 Hz, CF3S03), 130.83-136.28 (m, aromatics). 31 P{ lH} NMR 
(CD2Cli): 8 24.66 (s, lfPtP = 3862 Hz). 3Ip{ lH} NMR (CD30D): 8 26.21 (s, 
11PtP = 3873 Hz). IR (Nujol): (YS=O) 1270 cm-I. AM= 0.47 cm2 Q-1 moI-1 
(CH2Cli), 150 cm2 Q-I mol-1 [(CH3)2COJ, 201 cm2 Q- 1 mol-1 (CH30H), 93 cm2 
Q- I mol-1 (CH3N02). Anal. Calcd for C24H26F6S20sP2Pt: C, 32.9; H, 3.0; P, 
7.1. Found: C, 33.1; H, 2.8; P, 7.2. The racemate (R* ,R*)-71 had identical 
spectral and conductivity data to those of the optically pure product. 
The following complexes were prepared in a similar manner with use of 
methanol as the reaction medium. [SP-4-3-[S-(R*,R*)]]-(+)ss9-[(l,2,3-
Propanetriol-10 ,20){ 1,2-phenylenebis(methyl phenyl phosphine)}]-
platinum(II) Tri fluoromethanesulf onate, [S-(R * ,R *) ]-72. Fine white 
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needles from methanol-diethyl ether: mp 254-257 °C dee, yield 86%, [a]5g9 + 135.5° 
(c 0.14, CH30H). IH NMR (CD30D): 8 2.62 (d, 6 H, 21PH = 12.0 Hz, 3fPtH = 
41.7 Hz, PCH3), 3.41 (m, 4 H, CH2), 3.53 (m, 1 H, CH), 7.49-8.11 (m, 14 H , 
aromatics), OH resonance obscured by HOD peak of solvent. I3C{ IH} NMR 
(CD30D): 8 11.80 (d, IJpc = 45.2 Hz, PCH3), 64.38 (s, CH2), 73.86 (s, CH), 
120.47 (q, IfcF = 318.9 Hz, CF3S03), 130.86-137.00 (m, aromatics). 3Ip{ IH} 
NMR (CD30D): 8 24.53 (s, IfPtP = 3863 Hz). IR (Nujol): (VS=O) 1280 cm-I. AM 
= 190 cm2 Q- 1 mol-I (CH30H), 104 cm2 Q- 1 mol-1 (CH3N02). Anal. Calcd for 
C25H2sF609S2P2Pt: C, 33.0; H, 3.1; P, 6.8. Found: C,33.3; H, 3.2; P, 6.6. The 
racemic analogue (R* ,R*)-72 had identical spectral and conductivity data to those of 
the optically active material. [SP-4-3-(R*,R*)]-(+)-[(l,2-Ethanediamine-
N ,N){ 1,2-phenylenebis(methyl phenyl phosphine)}] platinum(II) 
Trifluoromethanesulfonate, (R*,R*)-73. Fine white needles from acetone-
diethyl ether: mp 266-268 °c dee, yield 91 %. lH NMR (CD30D): 8 2.62 (d, 6 H, 
2f PH= 12.0 Hz, 3f PtH = 33.6 Hz, PCH3), 2.83 (d, 4 H, 4f PH = 8.36 Hz, CH2), 
3.02 (br, 2 H, NH2), 7.81-8.05 (m, 14 H, aromatics). 13C{1H} NMR (CD30D): 8 
12.71 (d, lJpc = 42.8 Hz, PCH3), 47.31 (s, CH2), 121.76 (q, lfcF = 318.7 Hz, 
CF3S03), 129.85-141.43 (m, aromatics). 3lp{lH} NMR (CD30D): 8 27.83 (s, 
1JptP = 3105 Hz). IR (Nujol): (VS=O) 1255 cm-I, (VN-H) 3210 cm-I. AM= 148 cm2 
Q- l moI-1 [(CH3)2CO], 180 cm2 Q-1 mol-1 (CH30H), 146 cm2 Q- I mol -1 
(CH3N02). Anal. Calcd for C24H2sF6N206P2S2Pt: C, 32.9; H, 3.2; N, 3.2. 
Found: C, 33.3; H, 3.1; N, 3.2. [SP-4-3-(R*,R*)]-(+)-[(2-Aminoethanol-
O ,N) { 1,2-p henylene bis(methyl phenyl phosphine)}] pla tin u m(II) 
Trifluoromethanesulfonate, (R* ,R*)-74. White crystals from methanol-
diethyl ether: mp 270-273 °C dee, yield 86%. IH NMR (CD30D): 8 2.58 (d, 3 H, 
2f PH = 12.0 Hz, PCH3), 2.66 (d, 3 H, 2f PH = 12.5 Hz, PCH3), 2.84 (m, 2 H , 
CH2NH2), 3.02 (m, 2 H, CH20H), 3.89 (br, 2 H, NH2), 7.62-8.09 (m, 14 H, 
aromatics), OH resonance obscured by HOD peak of solvent. I3C{ lH} NMR 
(CD30D): 8 12.68 (d, IJpc = 41.9 Hz, PCH3), 13.34 (d, IJpc = 43. 1 Hz, PCH3), 
42.74 (s, CH2NH2), 58.85 (s, CH20H), 121.70 (q, IfcF = 318.4 Hz, CF3S03), 
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129.41-141.32 (m, aromatics). 3lp{1H} NMR (CD30D): 8 21.06 (d, lfPt.P = 3678 
Hz, 2Jpp = 6.6 Hz, P trans to 0), 29.05 (d, lfPtP = 3189 Hz, 2Jpp = 7.9 Hz, P trans 
to N). IR (Nujol): (VS=O) 1250 cm-1, (VN-H) 3220 cm-1. AM= 169 cm2 Q- 1 mol-1 
[(CH3)2COJ, 181 cm2 Q- 1 moI-1 (CH30H), 139 cm2 Q- 1 moI-1 (CH3N02). Anal. 
Calcd for C24H27F6N07P2S2Pt: C, 32.9; H, 3.1; N, 1.6. Found: C, 33.0; H, 3.0; 
N, 1.5. [SP-4-3-(R * ,R *) ]-(+ )-[ (2-Amino-1,3-propanediol-O ,N) { 1,2-
phenylenebis(methyl phenyl phosphine)}] pla tinum(II) Tri fl uoromethane-
sulfonate, (R* ,R*)-75. White crystals from dichloromethane-diethyl ether: mp 
119-121 oc, yield 94%. lH NMR (CD30D): 8 2.52 (d, 3 H, 2fPH = 12.0 Hz, 
PCH3), 2.59 (d, 3 H, 2f PH = 12.0 Hz, PCH3), 3.15 (br, 2 H, NH2), 3.64-3.92 (m, 
5 H, CH, CH2), 7.56-8.00 (m, 14 H, aromatics), OH resonance obscured by HOD 
peak of solvent. 13C{ lH} NMR (CD30D): 8 12.04 (d, lfpc = 41.2 Hz, PCH3), 
13.22 (d, lfpc = 43.2 Hz, PCH3), 61.60 (s, CH), 65.84 (s, CH20H), 66.61 (s, 
CH20(H)Pt), 121.76 (q, lfcF = 318.4 Hz, CF3S03), 128.97-141.20 (m, aromatics). 
31p{ lH} NMR (CD30D): 8 21.55 (d, lJPtP = 3093 Hz, 2Jpp = 9.5 Hz, P trans to 
N), 30.11 (d, lf PtP = 3414 Hz, 2Jpp = 9.3 Hz, P trans to 0). IR(Nujol): (VS=O) 
1260 cm-1, (VN-H) 3220 cm-1. AM= 0.49 cm2 Q-1 mol-1 (CH2Cl2), 154 cm2 Q- 1 
mol-1 [(CH3)2COJ, 183 cm2 Q-1 mol-1 (CH30H), 148 cm2 Q-1 mo1-1 (CH3N02). 
Anal. Calcd for C25H29F6NOgP2S2Pt: C, 33.1; H, 3.2; N, 1.5. Found: C, 33.3; H, 
3.2; N, 1.6. 
[SP-4-3-[S-(R * ,R *) ]]-( + )ss9-[ (1,2-E tha nediola to-0 ,0) { 1,2-
phenylenebis(methylphenylphosphine)} ]platinu m(II), [S-(R * ,R * )]-7 6. 
[S-(R* ,R*)]-71 (0.97 g, 1.10 rnmol) was added to a solution of freshly prepared 
NaOMe [0.06 g Na in methanol (25 rnL)] and stirring was continued for 1 h. At the 
end of this period, the reaction mixture was concentrated to dryness and the resulting 
residue su pended in dichloromethane. Insoluble NaOS02CF3 was filtered off and 
the filtrate was evaporated to dryness and the residue was crystallized from 
dichloromethane-n-hexane to afford white needles of the alkoxo complex: mp 210 °c 
dee; yield 0.51 g (80o/o); [a]n + 186.70(c 0.21, CH2C!i). lH NMR (CD2Cl2): 8 
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2.32 (d, 6 H, 2f PH= 11.7 Hz, 3f PtH = 41.7 Hz, PCH3), 3.54 (d, 4 H, 41PH = 2.95 
Hz, 3fPtH = 26.6 Hz, CH2), 7.42-7.89 (m, 14 H, aromatics). 13C{lH} NMR 
(CD2C!i): 8 13.01 (d, 1Jpc = 39.3 Hz, 21PtC = 31.3 Hz, PCH3), 74.44 (s, 2fPtC = 
18.6 Hz, CH2), 128.82-143.65 (m, aromatics). 31p{ lH} NMR (CD2C!i): 8 22.02 
(s, 1lptP = 3258 Hz). AM= 0.21 cm2 Q-1 mol-1 (CH2Cli), 0.17 cm2 Q - 1 mol-1 
[(CH3)2CO], 0.14 cm2 Q-l mol-1 (CH30H), 0.10 cm2 Q-l mol-1 (CH3N02). Anal. 
Calcd for C22H2402P2Pt: C, 45.8; H, 4.2; P, 10.7. Found: C, 45.6; H; 4.2; P, 
10.5. The racemate (R* ,R*)-76 gave identical spectral and conductivity data to those 
of the optically active analogue. 
[SP -4 -3 [ S -( R * ,R * ) ] ] -( +) s s 9 - [ ( 1, 2 -Et ha n e di o I -0 , 0 ) { 1, 2 -
phenylenebis(methylphenylphosphine)} ]platinum(II) Trifluoromethane-
sulfonate, [S-(R*,R*)]-71, from [S-(R*,R*)]-16. Triflic acid (0.13 mL, 
1.47 mmol) was added to a solution of [S-(R* ,R*)]-76 (0.42 g, 0.73 mmol) in 
methanol (50 mL) and stirring continued for 0.5 h. At the end the stirring period, the 
reaction mixture was concentrated to ca 10 mL and diethyl ether was added to 
precipitate [S-(R* ,R*)]-71 as fine white needles. Trace of excess triflic were 
removed by stirring in diethyl ether: mp 265-267 °c dee; yield 0.49 g (77% ); [a]5g9 
+41.()0 (c 0.25, CH2C!i). Spectral and analytical data were identical to the compound 
obtained from the bis(triflato) complex [S-(R* ,R*)]-69 and 1,2-ethanediol. 
[SP-4-3-(R * ,R *) ]-( + )-[ (Glycinato-N ,O) { 1,2-phenylene bis-
(methyl phenyl phosphine)}] platin um(II) Trifluoromethanesul fonate, 
(R* ,R*)-78. To a solution of (R* ,R*)-[Pt(0S02CF3)2(diph)] (0.94 g, 1.15 mmol) 
in CH2Cli (50 mL) was added sodium glycinate (0.12 g, 1.22 mmol) and stirring was 
continued for 12 h. At the end of this period, the reaction mixture was filtered to 
remove insoluble NaOSQiCF3 and the filtrate was evaporated to dryness. 
Recrystallization of the residue from methanol-diethyl ether yielded white crystals of 
the product: mp 264-266 °c dee, yield 0.71 g (84%). lH NMR (CD30D): 8 2.51 
(d, 3 H, 21PH = 12.0 Hz, 3f PtH = 41.2 Hz, PCH3), 2.54 (d, 3 H, 2f PH = 12.4 Hz, 
.. -
I 
I. ··-
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3f PtH = 43.0 Hz, PCH3), 3.67 (m, 2 H, CH2), 7.54-8.04 (m, 14 H, aromatics), NH2 
resonance obscured by HOD peak of solvent. 13C{ lH} NMR (CD30D): 8 12.38 (d, 
lJpc = 41.5 Hz, PCH3), 13.38 (d, lJpc = 43.6 Hz, PCH3), 45.55 (s, CH2), 
187.72 (s, C=O), 122.17 (q, 1lcF = 319.1 Hz, CF3S03), 129.93-143.50 (m, 
aromatics). 3lp{1H} NMR (CD30D): 8 20.92 (d, lf PtP = 3438 Hz, 2Jpp = 9.9 Hz, 
P trans to 0), 32.14 (d, lf PtP = 3239 Hz, 2Jpp = 9.7 Hz, P trans to N). IR (Nujol): 
(VS=O) 1250 cm-1, (VC=O) 1630 cm-1, (VN-H) 3180 cm -1. AM= 0.53 cm2 Q-1 mol-
l (CH2Cli), 127 cm2 Q-1 mol-1 [(CH3)2CO], 73 cm2 Q-1 mo1-1 (CH30H), 71 cm2 
Q-l mol-1 (CH3N02). Anal. Calcd for C23H24F3N05P2SPt: C, 37.3; H, 3.3; N, 
1.8. Found: C, 37 .5; H, 3.3; N, 1.7. 
The following complexes were prepared in a similar manner. [SP-4-3-[S-
(R * ,R * ),(R * )]]-( + )5g9-[ (Alanina to-N ,0) { 1,2-phenylene bis(methyl-
phenyl phosphine)] pla tin um(II) Tri fl uoromethanesul f on ate, 
[S-(R* ,R*),(R*)]-79. White crystals from dichloromethane-diethyl ether: mp 
172-174 °C, yield 80%; [a]5g9 +139.0° (c 0.14, CH2C!i). lH NMR (CD30D): 8 
1.45 (d, 3 H, 3fHH = 7 .3 Hz, CH3), 2.39 (d, 3 H, 2f PH = 12.2 Hz, 3f PtH = 40.8 Hz, 
PCH3), 2.48 (d, 3 H, 2lpH = 11.7 Hz, 3f PtH = 41.3Hz, PCH3), 3.84 (m, 1 H, CH), 
7.61-8.13 (m, 14 H, aromatics), NH2 resonance obscured by HOD peak of solvent. 
13C{ lH} NMR (CD30D): 8 11.99 (d, If PC= 41.2 Hz, PCH3), 12.91 (d, 1Jpc = 
43.7 Hz, PCH3), 20.18 (s, CH3), 53.51 (s, CH), 121.74 (q, lfcF = 317.6 Hz, 
CF3S03), 129.11-143.22 (m, aromatics), 188.27 (s, C=O). 3lp{lH} NMR 
(CD30D): 8 21.13 (d, lf PtP = 3452 Hz, 2Jpp = 9.9 Hz, P trans to 0), 32.03 (d, 
11PtP = 3228 Hz, 2Jpp = 10.0 Hz, P trans to N). IR (Nujol): (vs=O) 1250 cm-1, 
(VC=O) 1670 cm-1, (VN-H) 3185 cm-1. AM= 0.27 cm2 Q-1 moI-1 (CH2Cl2), 129 
cm2 n-1 moI-1 [(CH3)2CO], 69 cm2 n-1 mol-1 (CH30H), 80 cm2 Q-1 mo1-1 
(CH3N02). Anal. Calcd for C24H26f'3N05P2SPt: C, 38.2; H, 3.5; N, 1.9. Found: 
C, 38.0; H, 3.4; N, 1.8. [SP-4-3-[S-(R*,R*),(2R*,3S*)]]-(+)ss9-
[ (Th reoninato-N ,0){ 1,2-phenylenebis(methylphenyl phosphine)}]-
platinum(II) Trifluoromethanesulfonate, [S-(R * ,R *),(2R * ,3S *) ]-80. 
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White crystals from methanol-diethyl ether: mp 155-157 °C, yield 91 %; [a]5g9 
+ 158.2° (c 0.15, CH30H). 1 H NMR (CD30D): 8 1.27 (d, 3 H, 3fHH = 6.5 Hz, 
CH3), 2.52 (d, 3 H, 2f PH = 12.4 Hz, PCH3), 2.56 (d, 3 H, 2f PH = 12.3 Hz, PCH3), 
3.61 (m, 1 H, a-CH), 4.18 (m, 1 H, P-CH), 7.57-8.05 (m, 14 H, aromatics), NH2 
and OH resonances obscured by HOD peak of solvent. 13C{ lH} NMR (CD30D): 8 
11.95 (d, lJpc = 29.6 Hz, PCH3), 12.79 (d, lJpc = 31.3 Hz, PCH3), 20.59 (s, 
CH3), 63.42 (a-CH), 69.00 CP-CH), 121.76 (q, 1Jcp = 318.4 Hz, CF3S03) , 
128.79-143.46 (m, aromatics), 186.02 (s, C=O). 3lp{ lH} NMR (CD30D): 8 21.45 
(d, lf PLP = 3475 Hz, 2Jpp = 10.2 Hz, P trans to 0), 32.13 (d, lf PtP = 3258 Hz, 2Jpp 
= 10.3 Hz, P trans to N). IR (Nujol): (VS=O) 1260 cm-1, (VC=O) 1665 cm-1, (YN-H) 
3170 cm-1. AM= 0.33 cm2 n-1 mo1-1 (CH2Cli), 137 cm2 Q- 1 mo1-1 [(CH3)2CO], 
85 cm2 Q- 1 mol-1 (CH30H), 73 cm2 Q-1 mo1-1 (CH3N02). Anal. Calcd for 
C2sH2gF3N06P2SPt: C, 38.3; H, 3.6; N, 1.8. Found: C, 37.1 ; H, 3.8; N, 1.7. 
[SP-4-3-(R * ,R * )]-(+ )-[ (N-Methylglycinato-N ,0) { 1,2-phenylenebis-
(methyl phenyl phosphine)} ]platinum(II) Trifluoromethanesulfonate, 
(R* ,R*)-81. White crystals from dichloromethane-diethyl ether: mp 279-281 °c 
dee, yield 88%. 1H NMR (CD2Cli): 8 2.00 (d of d, 3 H, 3fHH = 5.8 Hz, 41PH = 
5.9 Hz, 3f PtH = 33.1 Hz, NCH3), 2.44 (d, 3 H, 2f PH = 12.2 Hz, PCH3), 2.51 (d, 3 
H, 2f PH= 11.8 Hz, PCH3), 3.25-3.97 (m, 2 H, CH2), 6.36 (m, 1 H, NH), 7.41-
7.98 (m, 14 H, aromatics). 13C{ lH} NMR (CD2Cli): 8 12.27 (d, lJpc = 41.1 Hz, 
PCH3), 13.52 (d, 1Jpc = 42.1 Hz, PCH3), 41.34 (s, CH2), 56.40 (s, NCH3), 
121.74 (q, 1Jcp = 318.2 Hz, CF3S03), 130.02-143.63 (m, aromatics), 180.99 (s, 
C=O). 3lp{ lH} NMR (CD2Cli): 8 19.40 (d, lf PtP = 3387 Hz, 2Jpp = 8.9 Hz, P 
trans to 0), 29.16 (d, lfPLP = 3186 Hz, 2Jpp = 9.4 Hz, P trans to N). IR (Nujol): 
(VS=O) 1250 cm-1, (VC=O) 1650 cm-1, (YN-H) 3160 cm-I. AM= 0.39 cm2 Q-1 moJ-1 
(CH2Cli), 131 cm2 Q- l mol-1 [(CH3)2CO], 73 cm2 Q-1 moI-1 (CH30H), 79 cm2 
Q- l mol-1 (CH3N02). Anal. Calcd for C24H26F3N05P2SPt: C, 38.2; H, 3.5; N, 
1.9. Found: C, 38.4; H, 3.4; N, 1.8. [SP-4-3-(R*,R*)]-(+)-
[ (Benza Ide hyde-2-hyd roxo-0 ,0) { 1,2-p henylene bis(methyl phenyl-
phosphine)}] platinum(II) Trifluoromethanesulfonate, (R * ,R *)-82. 
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Yellow needles from dichloromethane-diethyl ether: mp 134-137 °c, yield 83%. 1 H 
NMR (CD2C}i): o 2.42 (d, 3 H, 2f PH= 11.9 Hz, PCH3), 2.46 (d, 3 H, 2f PH= 12.5 
Hz, PCH3), 6.80-7.98 (m, 14 H, aromatics), 9.32 (d, 1 H, 4fPH = 15.6 Hz, CHO). 
13C{ lH} NMR (CD2C}i): o 12.19 (d, If PC = 30.1 Hz, PCH3), 13.02 (d, 1Jpc = 
28.7 Hz, PCH3), 122.03 (q, lfcF = 318.5 Hz, CF3S03), 129.81-141.29 (m, 
aromatics), 188.49 (s, C=O), 197.21 (s, C-0). 3lp{ lH} NMR (CD2C}i): o 20.99 
(d, lf PtP = 3399 Hz, 2Jpp = 10.2 Hz), 20.66 (d, lf PtP = 3346 Hz, 2Jpp = 10.2 Hz) 
- P trans to C-0 and P trans to C=O. IR (Nujol): (vs=O) 1265 cm-I, (vc=o) 1615 
cm-I. AM= 14 cm2 n-1 moI-1 (CH2Cli), 127 cm2 n-1 moJ-1 [(CH3)2CO], 90 cm2 
n-1 moJ-1 (CH30H), 85 cm2 n-1 moI-1 (CH3N02). Anal. Calcd for 
C2gH25F305P2SPt: C, 42.7; H, 3.2; P, 7.8. Found: C,42.7; H, 3.3; P, 7.9. 
CHAPTER THREE 
SYNTHESIS OF CHIRAL GLYCEROL 
DERIVATIVES 
-
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3 .1 Introduction 
Asymmetric synthesis as defined by Morrison and Mosher is a reaction in 
which an achiral unit in an ensemble of substrate molecules is converted by a reactant 
into a chiral unit in such a manner that the stereoisomeric products (enantiomeric or 
diastereomeric) are formed in unequal amounts.4 The most efficient manner in which 
enantioselectivity can be induced in chemical reactions is by the use of a chiral 
auxiliary. 
The requirements for an effecient asymmetric synthesis have been reviewed 
by ElieL 110 For a viable asymmetric synthesis the following three criteria are 
desirable: 
(1), the synthesis should afford the desired enantiomer in high 
stereoselectivity and chemical yield; 
(2), the chiral product(s) should be readily separable from the chiral 
auxiliary upon completion of reaction; and 
(3), unless the chiral auxiliary is very much cheaper than the desired 
product, the auxiliary should be capable of being recovered in high 
yield with undiminished enantiomeric purity. 
In recent years, the concept of asymmetric synthesis has contributed 
enormously to the production of enantiomerically pure compounds prepared by 
stereoselective carbon-carbon bond forming reactions. Despite this progress, one of 
the fundamental problems confronting the synthetic organic chemist in the area of 
natural products synthesis is the limited availability of highly functionalised optically 
active C3 and C4 synthons for use as precursors. 
The versatility of protected glycerol derivatives such as the enantiomers of 
2,2-dimethyl-1,3-dioxolane-4-methanol, 1, and the corresponding aldehyde, 2, as 
precursors for the synthesis of a broad range of biologically significant molecules was 
described in Chapter 1. 
r 
: 
I 
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1 2 
In order to achieve enantiotopic differentiation of the terminal hydroxy groups 
in glycerol with a transition metal-based chiral auxiliary, it was proposed to prepare 
the following glycerolato-10,20 diastereomers of platinum(II) (Figure 15): 
Me Ph 
" ,,' (Xp~(-/0) p/ "O .... _.....OH 
~ ', 
Ph Me 
[S-(R* ,R*),(R*)]-77 
Figure 15. Diastereomers of [S-(R* ,R*) ]-77. 
Diastereomers [S-(R* ,R*),(R*)]- and [S-(R* ,R*),(S*) ]-77, from hereon 
collectively referred to as [S-(R* ,R*)]-77,111 are suitable for subsequent 
derivatization at 10 or 10 and 20 to afford chiral glycerol derivatives that can serve as 
C3 synthons. 
3. 2 Preparation of Glycerolato-10 ,20 Complexes 
Glycerolatometal complexes are scarce. Taylor and Hambley have reported 
the preparation of glycerolato complexes of cobalt(Il), zinc(II), manganese(Il), and 
iron(II) by heating the corresponding metal oxides or acetates at high temperatures 
(169-260 °C depending on the metal used) in glyceroI.112a, b The use of elevated 
temperatures can be detrimental for the purposes of asymmetric synthesis envisaged in 
this work, as stereoelectronic information could be lost through racemization of the 
optically active auxiliary under the severe reaction conditions. 
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3. 2 .1 Preparation of the Glycerolato Complex of Platinum(II) 
[S-(R*,R*)]-77 
In this work, synthesis of the glycerolatoplatinum(II) complex [S-(R* ,R*)]-
77 was achieved using two approaches. The first was based upon the method of 
Bryndza and coworkers36c for the preparation of [Pt(OCH2CH20)(dppe)] (Scheme 
IX, page 22) and involved the substitution of chloride by methoxide to give a 
bis(methoxo)platinum(II) intermediate (Scheme XXVI). The reaction of [S-(R* ,R*)]-
[PtCli(diph)] with freshly prepared NaOCH3 in a benzene-methanol (2:1) mixture 
afforded the bis(methoxo) complex [S-(R* ,R*)]-84, which was then treated in situ 
with a slight excess of glycerol. Concentration of the reaction mixture gave a solid 
residue from which [S-(R* ,R*)]-77 was extracted with dichloromethane. 
Scheme XXVI 
HO~OH 
0 
H 
-2MeOH 
2NaOCH3 
-2NaCl 
Me Ph 
'#,, 
Me Ph 
' ,,' 
[S-(R* ,R*)]-84 
As described previously for the bis(methoxo )platinum(II) complex of dppe, 
32, the bis(methoxo) intermediate [S-(R* ,R*)]-84 is susceptible to ~-hydride 
elimination, which detracts from its suitability as a starting material for the synthesis of 
the glycerolato-10,20 complex [S-(R* ,R*)]-77. 
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The second approach involved double deprotonation of the diol complex 
[S-(R* ,R*)]-72 with a stoichiometric amount of NaOCH3 (Scheme XXVII). This 
synthesis was briefly alluded to in Chapter 2. 
Scheme XXVII 
[S-(R* ,R*)]-72 
Deprotonation of the platinum(II) glycerol complex [S-(R* ,R*)]-72 with a 
stoichiometric amount of NaOCH3 in methanol afforded a 3:2 equilibrium mixture of 
glycerolato-10,20 diastereomers, epimeric at the methine-C, viz. [S-(R* ,R*),(R*)]-
and [S-(R* ,R*),(S*)]-77. Addition of diethyl ether to a concentrated solution of the 
diastereomers afforded the product as fine white needles in 84% yield: mp 150-152 
~C dee; [a]5g9 +181.5° (c 0.21, CH2Cl2). The racemic analogue (R* ,R*)-77 was 
prepared in a similar manner. 
The glycerolato complex [S-(R* ,R*)]-77 can be protonated with triflic 
acid to afford the corresponding glycerol complex [S-(R* ,R*)]-72, identical to the 
product obtained from the reaction of [S-(R* ,R*)J-69 with glycerol (Chapter 2). 
3.3 X-Ray Crystal Structure of (R*,.R*)-(+)-[(1,2,3-
Propanetriola to-10 ,20 ){ 1,2-phenylenebis(methyl phenyl-
phos phine)} ]platinum(ll)·2MeOH, (R*,.R*)-77 
An X-ray crystal structure analysis of (R* ,R*)-77 was performed by Dr A. 
C. Willis of the Research School of Chemistry. The alkoxo complex crystallizes in 
the triclinic system, space group Pl . In the unit cell, the complex exists as an 
externally hydrogen-bonded centrosymmetric dimer of asymmetric monomers of 
-110-
opposite helicity (Figure 16). An ORTEP diagram of the monomer with its atomic 
numbering scheme is shown in Figure 17. Selected interatomic bond lengths and 
bond angles are listed in Table XIX. The platinum atom in each complex constituting 
the dimeric arrangement lies in a slightly distorted square-planar environment with the 
phosphorus atoms of the bidentate ligand occupying two donor sites on the metal in a 
five-membered chelate ring with the remaining two donor sites on the metal occupied 
by the alkoxo-oxygen atoms of the glycerol moiety. As found for the protonated 
complex (R* ,R.*)-72, the hydroxymethyl substituent of each monomer of the 
glycerolato complex occupies an axial position. The dimer crystallizes with four 
molecules of methanol as the (R* ,R.*),(R*) diastereomer. For each monomer, one 
molecule of methanol of crystallization is hydrogen-bonded to 0(2) while the other is 
disordered over two sites -very weakly hydrogen-bonded to 0(3) and to the other 
methanol of crystallization. 
The four Pt-0 bond distances in (R* ,R.*)-77 vary between 2.028-2.039 A 
and they do not differ appreciably from those reported for other alkoxo complexes of 
platinum(II) (see Section 1.5.2). In (R* ,R.*)-77, the distance from platinum to 0(2) 
hydrogen bonded to the methanol of crystallization is longer (2.039 A) compared to 
the corresponding distance from 0(1) hydrogen-bonded to the terminal hydrogen of 
the hydroxymethyl of the second monomer in the dimeric arrangement of the unit cell 
(2.028 A). The C-0 bond lengths within the five-membered chelate ring are very 
similar to those of the hydrogen-bonded C-0 bonds of the hydroxymethyl groups. 
The Pt-P bond distances are similar to those reported for [S-(R* ,R.*)]-
[Pt(OS02CF3)2(diph)] and [S-(R* ,R.*)]-[Pt(HOCH2CH20H)(diph)](CF3S03)2. 
3.4 NMR Spectra of [S-(R*,R*)]-(+)5g9-[(1,2,3-Propanetriolato-
10 ,20){ 1,2-phenylenebis(methylphenylphosphine)} ]-
platinum(l1)·2MeOH, [S-(R* ,R *)]-77 
The 500 MHz 1 H NMR spectrum of [S-(R* ,R.*)]-77 in CD2Cl2 is shown in 
Figure 18. It is identical to that recorded for the racemic complex (R* ,R.*)-77 under 
the same conditions. The spectrum is consistent with the presence of two hydrogen-
-111-
Figure 16. ORTEP diagram of the externally hydrogen-bonded centrosymmetric 
dimer in [(R* ,R*),(R*)]-77. (Hydrogen atoms have been omitted for clarity.) 
-112-
(34 
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~ 
Figure 17. ORTEP diagram of the monomer in [(R* ,R*),(R*)]-77. (Hydrogen 
atoms have been omitted for clarity.) 
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Table XIX. Selected Interatomic Bond Lengths (A) and Angles (0 ) of 
[(R* ,R*)(R*)]-77 with Estimated Standard Deviations in Parentheses 
distances (A) 
Pt-P(l) 2.203(2) Pt-P(2) 
Pt-0(1) 2.028(5) Pt-0(2) 
P(l)-C(l 1) 1.809(8) P(2)-C(21) 
P(l)-C(l 7) 1.815(9) P(2)-C(27) 
P(l)-C(31) 1.819(8) P(2)-C(32) 
C(31 )-C(32) 1.401(11) C(34 )-C(35) 
C(32)-C(33) 1.395(11) C(3 l )-C(36) 
C(33)-C(34) 1.371(14) C(35)-C(36) 
0(1)-C(l) 1.421(10) 0(2)-C(2) 
C(l)-C(2) 1.505(12) C(2)-C(3) 
C(3)-0(3) 1.430(10) 
angles (0 ) 
P(l )-Pt-P(2) 87.28(8) P(2)-Pt-0(1) 
P(l )-Pt-0(1) 177.7(2) P(2)-Pt-0(2) 
P(l)-Pt-0(2) 95.1 (2) 0(1)-Pt-0(2) 
Pt-P(l)-C(l 1) 113.9(3) Pt-P(2 )-C(21) 
Pt-P(l)-C(l 7) 116.9(3) Pt-P(2)-C(27) 
Pt-P(l)-C(31) 109.0(3) Pt-P(2)-C(32) 
C(l 1)-P(l)-C(l 7) 106.5(4) C(4)-P(2)-C(27) 
-
C(l 1)-P(l)-C(31) 104.2(4) C(21 )-P(2)-C(32) 
C(l 7)-P(l)-C(31) 105.3(4) C(27)-P(2)-C(32) 
P( 1 )-C(31 )-C(32) 117.5(6) P(2)-C(32)-C(31) 
Pt-0(1 )-C(l ) 109.8(5) Pt-0(2)-C(2) 
0(1 )-C(l)-C(2) 109.3(7) 0 (2)-C(2)-C( 1) 
C(2)-C(3)-0 (3) 113.8(7) 0 (2)-C(2)-C(3) 
2.200(2) 
2.039(5) 
1.810(8) 
1.816(9) 
1.811(8) 
1.386(14) 
1.388(11) 
1.406(12) 
1.430(10) 
1.527(12) 
94.4(2) 
176.2(2) 
83.4(2) 
112.9(3) 
116.1(3) 
110.0(3) 
105.3(4) 
105.0(4) 
106.8( 4) 
116.1(6) 
106.9(4) 
108.7(7) 
110.7 (7) 
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Figure 18. 500 MHz lH NMR spectrum of [S-(R*,R*)]-77 in CD2Cb. 
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bonded diastereomers, viz. [S-(R* ,R*),(R*)]-77 and [S-(R* ,R*),(S*)]-77 , in the 
ratio of 3:2 (Figure 19). 
Me Ph 
'.,' 
ex
p" /0 
Pt 
P/ ""a 
.; ', ~ 
Ph Me H-O 
[S-(R* ,R*),(S*)]-77 
Me Ph 
'.,' 
CXp~t/0) P/ ""a ...... 
.; ' - / Ph 'Me l H-0 
[S-(R* ,R*),(R*)]-77 
Figure 19. Hydrogen-bonded conformations of diastereomers [S-(R* ,R*)]-77 
in CD2Cli. 
The non-equivalent PMe groups of each diastereomer appear as doublets of 
doublets flanked by 195pt satellites at o 2.276 and 2.272 (2f PH= 11.26 Hz, 3f PtH = 
32.30 Hz). The CH20H resonance of each diastereomer is apparent as a widely 
separated pair of doublet of doublets due to coupling with the diastereotopic methylene 
protons of the hydroxymethyl group. This is consistent with the OH proton being 
involved in intramolecular hydrogen-bonding and hence undergoing slow exchange. 
A singlet would have been expected for these resonances in the absence of hydrogen-
bonding due to fast exchange with each other and the methanol in the sample. The 
hydrogen-bonded OH resonance of one diastereomer appears at o 2.74 (3JHH = 3.09 
and 7.68 Hz) and agrees well with the values reported in the literature for hydrogen-
bonded OH in various 2,2-dimethyl-1,3-dioxolane-4-hydroxyalkyl derivatives.113 
For the other diastereomer, the hydrogen-bonded OH resonance appears 
approximately 0.6 ppm downfield at o 3.29 (3fHH = 4.11 and 5.90 Hz). Molecular 
models suggest that the OH group of [S-(R* ,R*),(S*)]-77 would be shielded by the 
phenyl group on the adjacent phosphorus centre, whereas this interaction is not 
present in the [S-(R* ,R*),(R*)] diastereomer. Thus, the resonance to higher field 
was assigned to the OH proton of [S-(R* ,R*),(S*)]-77, which is the major 
diastereomer. Equilibrium concentrations of the methanol of crystallization in slow 
exchange with the internally hydrogen-bonded OH group of each diastereomer are also 
r-
I 
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apparent in the lH NMR spectrum. The methyl resonances of the hydrogen-bonded 
methanol of crystallization appear as doublets at 8 3.29 and 3.30 for each diastereomer 
(3JHH = 5.23 Hz). The OH resonances of the hydrogen-bonded methanol of 
crystallization appear as two sets of almost overlapping quartets centred at 8 3.56 
(3JHH = 5.23 Hz). The methylene and methine protons in the glycerolato complex 
resonate as a broad manifold of unresolved resonances between 8 3.34-3.53 due to 
coupling with protons on adjacent carbon atoms and probably long range coupling to 
phosphorus atoms. The phenyl resonances appear as multiplets at 8 7.48-7 .87. 
The 13C{ lHJ NMR spectrum (50.35 MHz) of [S-(R* ,R*)]-77 in CD2Cli 
was consistent with the presence of two diastereomers in the ratio 3:2. The aromatic 
carbon atoms are displayed as a broad manifold of resonances between 8 128.93 and 
133.02. Only one set of resonances could be discerned for the non-aromatic carbon 
atoms of the glycerolato complex; each of the non-equivalent PMe resonances were 
observed as doublets centred at 8 12.57 and 13.35 for (lfpc = 12.8 and 12.5 Hz) (the 
corresponding 195Pt satellites were not adequately resolved for evaluation of 2f Ptc), 
the remaining carbon atoms resonated at: 8 50.00 (CH30H of crystallization), 64.66 
(CH20H), 74.48 (PtOCH2), and 82.21 (PtOCH). 
3. 5 Synthesis of Chiral Glycerol Derivatives 
Work by Enders has shown that the addition of a second optically active 
auxiliary to a mixture of diastereomers can shift the equilibria in favour of one 
diastereomer (double auxiliary effect).5 For the present system however, the addition 
of optically active alcohols, such as (-)-menthol, ~-naphthol, (-)-N-methylephedrin, 
and binaphthol in 0.5, 1.0, and 2.0 equimolar concentrations failed to shift the 3:2 
equilibrium position of the glycerolatoplatinum(II) diastereomers [S-(R* ,R*),(R*)]-
and [S-(R* ,R*),(S*)]-77. 
r-
I 
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3. 5 .1 Preparation of 2,2-Dicyanomethylene-1,3-dioxolane-4-
methanol, 85 
Treatment of a solution of [S-(R* ,R*)]-77 and tetracyanoethylene in 
equimolar amounts in CH2Cli at -78 °c afforded 2,2-dicyanomethylene-1,3-
dioxolane-4-methanol, 85, along with [S-(R* ,R*)]-[Pt(CN)2(diph)] (Scheme 
XXVIII). The dicyanoplatinum(II) complex was removed from the reaction mixture 
in quantitative yield by precipitation with diethyl ether: mp >300 °C dee; [a]5g9 
+64.5° (c 0.33, CH2Cli). The filtrate contained primary alcohol 85 contaminated 
with a trace of unreacted tetracyanoethylene. Crude 85 was purified by radial 
chromatography with neat ethyl acetate as eluent (Rf 0.64) and was isolated in 83% 
yield as a colourless liquid: [a]5g9 + 1.38° (c 0.36, CH2C}i). 
Scheme XXVIII 
Me Ph 
~ ,,' 
ex
p" /CN 
Pt 
P/ "CN 
~ ·,, 
Ph Me 
+ 
+ 
NC>=<CN 
NC CN 
TCNE 
NC 0 NCF\~OH 
85 
The 500 MHz 1 H NMR spectrum of primary alcohol 85 in CD2Cli is shown 
in Figure 20. The two sets of methylene protons are adjacent to a chiral carbon centre 
and are therefore diastereotopic. They couple to the proton on the asymmetric carbon 
centre to give rise to two sets of ABX spin systems. The chemical shifts of the 
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Figure 20. 500 MHz lH NMR spectrum of 2,2-dicyanomethylene-1,3-dioxolane-4-methanol, 85, in CD2Cl2. 
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diastereotopic methylene protons of the hydroxymethyl group are 8 3.79 and 4.13 
(JAB = 13.37 Hz, JAX = 2.56 Hz, and 1Bx = 2.42 Hz), while those of the methylene 
group in the five-membered ring are 8 4.83 and 4.84 (] AB = 8.55 Hz, JAX= 6.89 Hz, 
and 1Bx = 8.06 Hz). The downfield shift of the methylene protons of the cyclic ring 
is expected as they are adjacent to an oxygen atom that is directly linked to a 
conjugated system with electron withdrawing cyano substituents. This observation is 
consistent with the lH NMR data for 2,2-dimethyl-1,3-dioxolane-4-methanol in which 
the methylene protons of the hydroxymethyl group resonate at higher field than those 
of the methylene group of the dioxolane ring.113 The methine proton that constitutes 
the X part of the two ABX spin systems is observed at 8 5.27. The OH proton 
consists of a broad resonance of low intensity at 8 2.84. Intramolecular hydrogen 
bonding was not observed in alcohol 85. 
The Be { 1 H} NMR spectrum of 85 in CD2Ch contains a distinct resonance 
for each of the seven types of carbon atoms present. The diastereotopic cyano carbon 
atoms were displayed as two closely spaced singlets at 8 112.40 and 112.58. The 
olefinic carbon atom attached to the cyano groups appeared upfield as a singlet at 8 
39.69 whereas that attached to the two oxygen atoms resonated further downfield as a 
singlet at 8 178.58. Consistent with the lH NMR assignment, the methylene carbon 
atom of the hydroxymethyl group appeared upfield at 8 60.72, whereas those of the 
five-membered ring resonated downfield at 8 71.59. The methine carbon atom of 85 
is a singlet at 8 84.64. 
3. 5. 2 Determination of the Enantiomeric Purity of 2,2-Dicyano-
methylene-1,3-dioxolane-4-methanol, 85 
The emphasis on obtaining enantiomerically pure compounds has conferred 
great importance on the methods of determining enantiomeric purities and absolute 
configurations of organic compounds. The use of NMR techniques employing chiral 
solvating agents, 114 chiral lanthanide shift reagents, 115 and chiral derivatizing 
agentsl 16 has facilitated developments in this field. Of the three methods, NMR 
studies employing chiral derivatizing agents appear to be the most widely used. In this 
-120-
respect, the enantiomers of a-methoxy-a-(trifluoromethyl)phenylacetic acid, (R)- or 
(S)-86a, and (R)- or (S)-0-methylmandelic acid, 86b, have found considerable use 
as reagents for the determination of the enantiomeric compositions of chiral alcohols 
and amines.116 
OCH3 I 
Ph-C-COOH 
I 
R 
86a R = CF3 
86b R = H 
87 X = OH, NH2 
R 1, R2 = alkyl or aryl groups 
Treatment of 86a or 86b with alcohols or amines 87 affords diastereomeric 
derivatives displaying NMR chemical shift differences sufficient to permit the 
determination of diastereomeric ratios. In general, the diastereomeric ratio obtained 
will be same as the original enantiomeric ratio of the alcohol or amine provided the 
following three conditions hold: 
(a), the optical purity of the derivatizing agent 86 remains undiminished 
during the course of the reaction; 
(b ), the diastereomeric derivatives are configurationally stable; and 
(c), no asymmetric induction or fractionation occurs during the 
synthesis or isolation of the diastereomers. 
In this work, (R)-0-methylmandelic acid was used to prepare the 
diastereomeric derivatives of 2,2-dicyanomethylene-1,3-dioxolane-4-methanol, 85. 
The esterification of alcohol 85 with (R)-0-methylmandelic acid, (R)-86b, was 
performed according to the method of Hassner (Scheme XXIX).117 The 4-substituted 
pyridine 89 functions as a catalyst as in its absence the ester forms in very low yields. 
Furthermore, the esterification fails to proceed in the absence of N ,N'-dicyclohexyl-
carbodiimide (DCC). Based upon the mechanism proposed by Hassner for the 
conversion of carboxylic acids into esters, the mechanism shown in Scheme XXX has 
been proposed for the esterification of alcohol 85. (R)-0-Methylmandelic acid, 86b, 
is converted by DCC, 88, into the anhydride 92, which forms an acylpyridinium 
t 
I 
Scheme XXIX 
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species 91 with the aminopyridine catalyst.118 This is followed by equilibration of 
91 with alcohol 85 to produce ion pair 93. Nucleophilic attack by deprotonated 85 
on the acyl group of 93 generates the diastereomeric esters [R-(R* fl*)]- and 
[S-(R* ,S*)J-90 and catalyst 89. The carboxylate anion of the acylpyridinium species 
91 is converted by DCC into (R)-0-methylmandelic acid with formation of N ,N'-
dicyclohexylurea (DCU). 
Upon completion of the reaction, the N,N'-dicyclohexylurea (DCU) was 
filtered off and the filtrate was purified by radial chromatography with use of ethyl 
acetate as the eluent to afford ester 90 as a mixture of diastereomers (the Rr values for 
the two diastereomers are 0.70 and 0.75). Evaporation of ethyl acetate in vacuo 
afforded the diastereomeric mixture of esters as white crystals in 89% yield. 
The 1 H NMR spectrum of esters 90 in CD2Cli showed the presence of two 
diastereomers in unequal proportions. The methoxy resonances of the major and 
minor diastereomers were evident as singlets at 8 3.40 and 3.41, respectively. The 
methylene resonances within the dioxolane ring of esters 90 appeared at 8 4.55 and 
4.78 for the major diastereomer (JAB= 8.91 Hz, JAX= 6.32 Hz, lBx = 8.35 Hz) and 
at 8 4.19 and 4.67 for the minor diastereomer (JAB = 8.46 Hz, JAX = 6.32 Hz, f Bx = 
8.89 Hz). The methylene protons forming the ester linkage with (R)-0-methyl-
mandelic acid resonated at 8 4.27 and 4.61 for the major diastereomer (JAB= 13.23 
Hz, JAX = 2.90 Hz, 1Bx = 2.58 Hz) and at 8 4.42 and 4.46 for the minor 
diastereomer (JAB= 13.24 Hz, JAX= 2.90 Hz, 1Bx = 2.55 Hz). In the major 
diastereomer, the methine resonance of the methylmandelic acid moiety was a singlet 
at 8 4.83. The corresponding resonance in the minor diastereomer was a singlet at 8 
4.84. The methine proton of the dioxolane ring in both diastereomers consist of a 
multiplet centre at 8 5.27. 
A deconvolution analysis was performed on the OMe resonances of the 
mixture of diastereomeric esters since they occurred as two singlets in an uncongested 
region of the 1H NMR spectrum (Figure 21). The program enabled the area under the 
OMe resonances to be determined, giving the diastereomeric ratio of the esters. From 
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Figure 21. Deconvolution analysis of the OMe resonances in the 1 H NMR spectrum of 
[R-(R* ,R*)]- and [S-(R*,S*)]-90 (obtained with use of optically active alcohol 85). 
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the analysis, it was shown that the dicyanoketene addition to the glycerolato-10,20 
complex afforded alcohol 85 in 42% enantiomeric excess (ee). 
Several control experiments were performed for the esterification procedure 
described in Scheme XXIX. Esters [R-(R* ,R*)]- and [S-(R* ,S*)]-90 were 
hydrolysed with methanol in the presence of potassium carbonate to afford alcohol 
85, [a]5g9 + 1.38° (c 0.23, CH2Cli), and (R)-0-methylmandelic acid, [a]5g9 -145° 
(c 0.29, C2H50H) [lit.119 [a]5g9 -1500 (c 1.0, C2H50H)]. The specific rotation of 
the recovered alcohol was identical to that of the original material. 
The esterification described in Scheme XXX was also performed on a 
racemic mixture of the alcohol (+)-85 (obtaining by treating (R* ,R*)-77 with TCNE) 
and the product purified in a manner analogous to that described for the corresponding 
optically active alcohol. A deconvolution analysis of the OMe resonances in the lH 
NMR spectrum of the racemic esters (Figure 22) showed the area under the two peaks 
for each diastereomer to be equal within experimental error, thus verifying that 
asymmetric induction had not occurred during the esterification process. 
In order to confirm that fractionation of the diastereomeric esters had not 
occurred during their purification by radial chromatography, a deconvolution analysis 
was performed on the crude mixture of esters and a 42% enantiomeric excess was 
again obtained. 
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Figure 22. Deconvolution analysis of the OMe resonances in the lH NMR spectrum of 
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3. 5. 3 Preparation of 3-Phenylmethoxy-1,2-propanediol (1-benzyl-
glycerol) 
lH NMR investigations of [S-(R* ,R*)]-77 have established that the complex 
exists in CD2Cli as an equilibrium mixture of the internally hydrogen-bonded 
monomers [S-(R* ,R*),(S*)]- and [S-(R* ,R*),(R*)]-77 in the ratio 3:2, respectively: 
Me Ph 
" ,,' 
OCp" /9 Pt p/ ~6 
~ ', ; 
Ph Me H-O 
3 
[S-(R* ,R*),(S*)]-77 [S-(R* ,R*),(R*)]-77 
As oxygen atom-2 is protected by hydrogen-bonding, it was expected that 
electrophilic addition to [S-(R* ,R*)]-77 would occur at the less hindered oxygen 
atom-1. 
(i) Reaction of [S-(R*,R*)]-77 with Benzyl Halides 
Initial attempts at derivatizing [S-(R* ,R*)]-77 with one equivalent of benzyl halide, 
however, led to the exclusive formation of 1,3-diphenylmethoxy-2-propanol 
(henceforth referred to as 1,3-dibenzylglycerol) and [S-(R* ,R*)]-[PtX2(diph)] (X = 
Cl or Br). Changes of solvent, temperature, or amounts of benzyl halide added, had 
no effect on the reaction: in every case, the dihalogenoplatinum(II) complex and 1,3-
dibenzylglycerol were the only isolable products. The formation of 1,3-dibenzyl-
gl ycerol can be rationalized as shown in Scheme XXXI. 
Scheme XXXI 
Me Ph 
' ,' 1 
exp" /0 /Pt"2 * p 0 
x-
~ ' -
... ' -
Ph Me H-O 
3 
[S-(R* .R*)]-77 
M\ ,' Ph (:(P"'- /x 
.. Pt / "2 p 0 
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.. 
[S-(R* .R*)]-94 
M\ ,,Ph 
(XP"'-+/x 
.. Pt / ,2 
p 0 
~ ', - ~ ', H 
Ph Me kJ-0 ~ 0 Ph Me Bn-X 3 
[S-(R* fi*)]-95 [S-(R* fi*)]-96 
M\ ,,Ph 
BnO~OBn 
x- (:(P'Pt/x + 0 
... H 
P/ "x 1,3-dibenzylglycerol 
~ ', 
Ph Me 
OBn 
3 
Initial attack of the benzyl halide on [S-(R* ,R*)]-77 would be expected to 
occur on the less hindered oxygen atom-1, which is unprotected. The displaced halide 
would then displace the weakly bound ether group in the mono-benzylated glycerolato 
intermediate [S-(R* ,R*)]-94 to afford the mono(halogeno)platinum(II) complex 
[S-(R* ,R*)]-95. Attack by a second benzyl halide could then occur on oxygen atom-
3 of [S-(R* ,R*)]-95 to give [S-(R* ,R*)]-96 and a second halide ion which would 
displace the weakly bound OH group in [S-(R* ,R*)]-96 to yield the di(halogeno)-
platinum(II) complex [S-(R* ,R*)]-[PtX2(cliph)] (X = Cl or Br) and 1,3-clibenzyl-
glycerol. 
Alternatively, concerted attack by two equivalents of benzyl halide on oxygen 
atoms-1 and -3 could occur, as shown in Scheme XXXII. 
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Scheme XXXII 
[S-(R* ,R*)]-[PtX2(diph)] 
+ 
1,3-dibenzylglycerol 
[S-(R* ,R*)]-77 
(ii) Reaction of [S-(R*,R*)]-77 with Benzyl Triflate 
The susceptibility of fluorinated alkyl and aryl sulphonates to nucleophilic 
attack was first demonstrated by Limieux and Kondo, who showed that the hydroxy 
groups of sugars were readily alkylated or benzylated by these reagents.120 Our initial 
attempts to monobenzylate the terminal hydroxy group in the glycerolato complex 
[S-(R* ,R*)]-77 with benzyl triflate were unsuccessful with formation of 1,3-
dibenzylglycerol and the bis(triflato) complex [S-(R* ,R*)]-69. It was therefore 
decided to attempt to prepare from the glycerolato-10,20 complex [S-(R* ,R*)]-77 the 
mono-protonated derivative [S-(R* ,R*)]-97, which could exist as the diastereomers 
[S-(R* ,R*),(R*)]- and [S-(R* ,R*),(S*)]-97 (protonation at oxygen atom-2) or as 
[S-(R* ,R*),(R*)]- and [S-(R* ,R*),(S*)]-98 (protonation at oxygen atom-1) as 
shown below: 
Me Ph 
'.,' 
exp~ /9) CF3S03-p / ,2 .... /OH 0 .. ,, 3 
p( .... Me H 
[S-(R* ,R*),(R*)]-97 
[S-(R* ,R*),(S*)J-98 [S-(R* ,R*),(R*)]-98 
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Based upon the rationalization used for the formation of 1,3-clibenzylglycerol 
from [S-(R* ,R*)]-77 (Schemes XXXI and XXXII), electrophilic attack by benzyl 
triflate on cliastereomers [S-(R* ,R*)]-97 [Scheme XXXIII (i)] or on diastereomers 
[S-(R* ,R*)J-98 [Scheme XXXIII (ii)] could lead to the desired enantiomers of 1-
benzylglycerol upon subsequent displacement of the 1,2-diol in [S-(R* fl*)J-99. 
Scheme XXXIII (i) 
M~ _,,Ph H 
~ cxp~;/Ox(CF3S03 ;2 / '2 * OBn p 1 
~' Ph 'Me H 
[S-(R* ,R*)]-99 
Scheme XXXIII (ii) 
[S-(R* ,R*)]-99 
Treatment of [S-(R* ,R*)]-77 with one equivalent of triflic acid in 
dichloromethane afforded a poorly soluble product which gave analytical data 
consistent with the formation of a mono-protonated species [S-(R* fl*)]-97 or 
[S-(R* ,R*)J-98. DMSO was the only solvent in which the mono-protonated product 
was soluble. The low solubility of the product obtained hampered our efforts at 
establishing the site of protonation in [S-(R* fl*)]-77. However, reaction of the 
mono-protonated glycerolato complex with one equivalent of benzyl triflate at -78 °C 
in clichloromethane gave 1-benzylglycerol as the major organic product (80% yield) 
along with traces of 1,3- and 1,2-dibenzylglycerol; the bis(triflato)platinum(II) 
r 
,l c" 
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complex [S-(R* fl*)]-69 was isolated in quantitative yield as the by-product (Scheme 
XXXIV). Interestingly, 1-benzylglycerol does not displace the triflato ligands in 
[S-(R* ,R*)]-69. 
Scheme XXXIV 
# produced in trace amounts 
HO~OBn 
0 + 
H 
1-benzylglycerol 
BnO~OBn 
0 
H 
1,3-dibenzylglycerol # 
+ 
BnO~OH 
0 
Bn 
1,2-dibenzylglycerol # 
The mixture of 1-benzylglycerol, 1,2-, and 1,3-dibenzylglycerol was 
separated by radial chromatography with neat diethyl ether as eluent: 1-benzyl-
glycerol had an Rf value of0.46 and [a]5g9 -1.90° (c 3.16, CHCl3); 1,2- and 1,3-
dibenzylglycerol had Rf values of 0.90. The 1-benzylglycerol produced from 
[S-(R* fl*)]-77 by protonation and subsequent benzylation was assigned the S-
configuration on the basis of literature data for the pure compounds: 11 (S)-1-
benzylglycerol: [a]5g9 -3.73° (c 17.64, CHCI3) and [(R)-1-benzylglycerol: [a]5g9 
+3.710 (c 19.9, CHCl3). On the basis of these data, the synthesis of 1-benzylglycerol 
from the mono-protonated glycerolatoplatinum(Il) complex proceeded in 51 o/o ee. 
r 
I. ..:.. 
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Reactions of the mono-protonated glycerolato complex with benzyl halides 
gave 1-benzylglycerol, 1,2-, and 1,3-dibenzylglycerol in the ratio 2: 1 :2, and were not 
pursued further. 
3. 6 Conclusion 
The synthesis of chiral glycerol derivatives from the glycerolato-10,20 
complex [S-(R* ,R*)]-77 has been achieved in two reactions. Reaction of 
[S-(R* ,R*)]-77 with tetracyanoethylene in dichloromethane led to the formation of 
2,2-dicyanomethylene-1,3-dioxolane-4-methanol, 85, in 83% yield and 42% ee. 
Initial attempts to prepare 1-benzylglycerol from the glycerolato complex [S-(R* ,R*)]-
77 by reaction with one equivalent of benzyl halide were unsuccessful and resulted in 
the isolation of 1,3-dibenzylglycerol. This problem was circumvented by the use of 
the corresponding mono-protonated glycerolato complex, which with benzyl triflate, 
yielded (S)-1-benzylglycerol in 80% yield and 51 % ee. 
3. 7 Experimental 
3. 7 .1 General 
The instrumentation and experimental techniques employed in this section 
were in general, the same as those described in Section 2.14.1 except when stated 
otherwise. 
Tetracyanoethylene (TCNE) was purified by sublimation under reduced 
pressure at 120 °C as recommended.108 Purification by radial chromatography was 
performed on the Chromatotron Model 7924T with 1mm or 2mm rotors coated with 
silica gel (Merck 60 PF254). The deconvolution analysis was performed on the SUN 
4/110 UNIX data system. Distortionless enhancement by polarization transfer 
(DEPT) experiments were performed on a VXR300 NMR spectrometer. ABX spin 
systems were simulated using the spin-simulation programme available in the 
Research School of Chemistry. Authentic samples of benzylglycerol derivatives for 
comparison were prepared according to literature methcx:ls as indicated: 1-
IL -
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benzylglycerol, 121 2-benzylglycerol, 122 1,2-dibenzylglycerol, 123 and l,3-
dibenzylglyceroL 124 
3. 7. 2 Preparation of the Glycerolato-10 ,20 Complex of Platinum(II) 
[S P-4-3-[S -(R * ,R *)] ]-( +) 5g9- [ ( 1,2,3-Propanetriola to-10 ,20 )-
{ 1,2-phenylenebis(methylphenyl phosphine)} ]platinum(I1)·2 MeO H, 
[S-(R*,R*)]-77, from [S-(R*,R*)]-72. [S-(R*,R*)]-72 (1.0 g, 1.10 mmol) 
was added to a solution of freshly prepared NaOMe [0.06 g Na in methanol (25 rnL)] 
and stirring was continued for lh. At the end of the stirring period, the reaction 
mixture was concentrated to dryness and the resulting residue suspended in 
dichloromethane. Insoluble NaOSQiCF3 was filtered and the filtrate concentrated to 
dryness and crystallized from methanol-diethyl ether to afford crystals of the alkoxo 
complex as white rosettes: mp 150-152 °C dee; yield 0.65g (88%); [a]539 +184.0° (c 
0.17, CH2Cb). 500 MHz lH NMR (CD2Cb): o 2.272 and 2.276 (d of d, 6 H, 21PH 
= 11.26 Hz and 3JPtH = 32.20 Hz, PCH3), 2.74 [d of d, 1 H, 3fHH = 3.09, 7 .68 Hz, 
CH20H (hydrogen bonded)], 3.29 [(d of d, 1 H, 3JHH = 4.11, 5.90 Hz, CH20H 
(hydrogen bonded)], 3.29, 3.30 (d, 3 H, 3JJiH = 5.23 Hz, hydrogen-bonded CH30H 
of crystallization), 3.56 (2 overlapping q, 1 H, 3JHH = 5.23 Hz, hydrogen-bonded 
CH30H), 3.34-3.53 (m, 5 H, CH2 and CH), 7.48-7.87 (m, 14 H, aromatics). 
13C{ lH} NMR (CD2Cb): o 12.57 (d, lf PC= 12.8 Hz, PCH3), 13.35 (d, 1Jpc = 
12.5 Hz, PCH3), 50.00 (s, CH30H of crystallization), 64.66 (s, CH20H), 7 4.48 (s, 
PtOCH2), 82.21 (m, PtOCH), 129.45-133.29 (m, aromatics). 3lp{1H} NMR 
(CD2Cl2): o 22.55 and 23.27 (ABq, lf PtP = 3257 and 3307 Hz, 2Jpp = 9.4 Hz, 
major diastereomer), 22.31 and 22.97 (ABq, lJPtP = 3252 and 3313 Hz, 2Jpp = 9.4 
Hz, minor diastereomer). Anal. Calcd for C25H3405P2Pt: C, 44.7; H, 5.1; P, 9.2. 
Found: C, 44.7; H, 5.0; P, 9.1. 
... 
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[S P-4-3-[S -(R * ,R *)] ]-( +) 589· [ ( 1,2,3-Propa netriola to-10 ,20 )-
{ 1,2-phenylenebis(methyl phenyl phosphine)}] platinu m(I1)·2 MeO H, 
[S-(R * ,R *)]-77, from [S-(R * ,R *) ]-[PtCl2(diph)]. [S-(R * ,R *) ]-
[PtCh(diph)]125 (1.00 g, 1.70 mmol) was added to a solution of sodium methoxide 
[0.09 g sodium in methanol (25 mL)]. Benzene (15 mL) was then added to the 
suspension and the resulting reaction mixture stirred for 1 h. Glycerol (0.16 g, 1.74 
mmol) in methanol (10 mL) was then added and the reaction continued for another 
hour. At the end of this period, the reaction mixture was concentrated to dryness and 
the resultant residue was suspended in dichloromethane. Insoluble NaOS02CF3 was 
filtered and the filtrate concentrated to dryness. Crystallization of the crude product 
from methanol-diethyl ether afforded crystals of the glycerolato complex as white 
rosettes: mp 150-153 °c dee; yield 0.83 g (73%); [a]5g9 + 183.5° (c 0.20, CH2Ch). 
Spectral and analytical data were identical to the compound obtained from the reaction 
of [S-(R* ,R*)]-72 and sodium methoxide. 
3.7.3 Protonation of [S-(R*,R*)]-77 with Triflic Acid 
[SP -4 -3 [ S - ( R * ,R * ) ] ]- ( +) s s 9 - [ ( 1, 2, 3 -Propane trio 1-10 , 2 0 ) { 1, 2 -
phenylenebis(methyl phenyl phosphine)}] platinum(II) Tri fl uoromethane-
sulfonate, [S-(R*,R*)]-72, from [S-(R*,R*)]-77. Triflic acid (0.13 mL, 
1.47 mmol) was added to a solution of [S-(R* ,R*)]-77 (0.49 g, 0.73 mmol) in 
methanol (50 mL) and stirring continued for 0.5 h. At the end the stirring period, the 
reaction mixture was concentrated to ca 10 mL and diethyl ether was added to 
precipitate [S-(R* ,R*)]-72 as fine white needles. Trace of excess triflic were 
removed by stirring in diethyl ether: mp 254-257 °c dee; yield 0.47 g (70%); [a]5g9 
+ 136.00 (c 0.12, CH30H). Spectral and analytical data were identical to the 
compound obtained from the reaction of the bis(triflato) complex [S-(R* ,R*)]-69 and 
glycerol (Chapter 2). 
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3. 7. 4 Preparation of the Mono-Protonated Glycerolato Complex 
Triflic acid (50 µL, 0.57 mmol) was added to a solution of [S-(R* ,R*)]-77 
(0.3796 g, 0.57 mmol) in dichloromethane (30 mL). The mono-protonated species, 
which precipitated immediately as a white solid, was filtered off and washed with 
diethyl ether to remove traces of triflic acid and then dried in vacuo: mp 223-225 °c 
dee; yield 0.42 g (98%); [a]5g9 +341.8° (c 0.30, DMSO). Anal. Calcd for 
C24H27F306SP2Pt: C, 38.1; H, 3.6; P, 8.2. Found: C, 38.3; H, 3.5; P, 8.3. 
3. 7. 5 Preparation of 2,2-Dicyanomethylene-1,3-dioxolane-4-
methanol, 85 
Tetracyanoethylene (0.096 g, 0.75 mmol) was added to a stirred solution of 
[S-(R* ,R*)]-77 (0.501 g, 0.75 mmol) in dichloromethane (25 mL) at -78 °c. Ten 
minutes later, the dry ice-acetone cooling bath was removed and stirring was 
continued for 1 h during which time all of the TCNE had reacted to afford a 
suspension of [S-(R* ,R*)]-[Pt(CN)2(diph)] and alcohol 85. The bis(cyano)-
platinum(II) complex was filtered off and the filtrate was concentrated to afford more 
of the dicyano complex and a brown oil. The oil was chromatographed by radial 
chromatography using ethyl acetate as the eluent to remove traces of glycerol and 
unreacted TCNE. 
[S-(R*,R*)]-[Pt(CN)2(diph)]: mp >300 °C; yield 0.4 g (95%); [a]5g9 +64.5° 
(c 0.33, CH2C}i). 1H NMR (CD2C}i): 8 2.41 (d, 6 H, 2fPH = 11.08, 3f PtH = 
31.03, PCH3), 7.49-7.81 (m, 14 H, aromatics). 13C{lH} NMR (CD2C}i): 8 12.40 
(d, 1Jpc = 45.4 Hz, PCH3), 111.8 (s, CN), 129.8-134.2 (m, aromatics). 3Ip{ lH} 
NMR (CD2C}i): 8 31.99 (s, lfPtP = 2409 Hz). Anal. Calcd for C22H20N2P2Pt: C, 
46.4; H, 3.5; N, 4.9. Found: C, 46.5; H, 3.8; N, 5.0. 
2,2-Dicyanomethylene-1,3-dioxolane-4-methanol, 85: Rf 0.64 (neat ethyl 
acetate); yield 0.1 g (83%); [a]5g9 + 1.38° (c 0.36, CH2C}i). 500 MHz lH NMR 
(CD2Ch): 8 3.79 and 4.13 (AB section of an ABX spin system, 2 H, JAB = 13.37 
Hz, JAX= 2.56 Hz, lBx = 2.42 Hz, CH20H), 4.83 and 4.84 (AB section of an ABX 
spin system, 2 H, JAB= 8.55, JAX= 6.89, lBx = 8.06, =COCH2), 5.23 (X section 
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of two ABX spin systems, m, 1 H, CH), 2.84 (br, 1 H, OH). 13C{ lH} NMR 
(CD2Cl2): 8 39.69 [s, C(CN)2], 60.72 (s, CH20H), 71.59 (s, =COCH2), 84.64 (s, 
CH), 112.40 and 112.58 (s, 2 CN), 178.58 (s, =CO). Anal. Calcd for C7H6N203: 
C, 50.6; H, 3.6; N, 16.9. Found: C, 50.5; H, 3.6; N, 16.9. 
3. 7. 6 Determination of the Enantiomeric Purity of 2,2-Dicyano-
methylene-1,3-dioxolane-4-methanol, 85, with use of (R)-0-
Methylmandelic Acid 
To a solution of alcohol 85 (0.11 g, 0.66 mmol) in dichloromethane (10 mL) 
was added (R)-0-methylmandelic acid (0.10 g, 0.60 mmol), N,N'-dicyclohexyl-
carbodiirnide (0.14 g, 0.66 mmol), and 4-pyrrolidinopyridine (0.009 g, 0.60 mmol) 
and the reaction mixture was allowed to stir for 3 days at room temperature. At the 
end of the stirring period, N ,N'-dicyclohexylurea was filtered off and the filtrate was 
purified by radial chromatography using ethyl acetate as the eluent to afford 
diastereomeric esters [R-(R* ,R*)J- and [S-(R*,S*)J-90: Rf 0.70 and 0.75; yield 0.17 
g (89%). 500 MHz lH NMR (CD2Cli): 8 (major diastereomer) 3.40 (s, 3 H, 
OCH3), 4.27 and 4.61 (AB section of an ABX spin system, 2 H, JAB= 13.23 Hz, 
JAX= 2.90 Hz, lBx = 2.58 Hz, C(H)CH200C), 4.55 and 4.78 (AB section of an 
ABX spin system, 2 H, JAB= 8.91 Hz, JAX= 6.32 Hz, lBx = 8.35 Hz, =COCH2), 
4.83 (m, 1 H, (H3CO)CH), 5.27 (X section of two ABX spin systems, m, 1 H, 
(H2C)CH), 7 .33-7.48 (m, 5 H, aromatics); (minor diastereomer) 3.41 (s, 3 H, 
OCH3), 4.19 and 4.67 (AB section of an ABX spin system, 2 H, JAB = 8.46 Hz, JAX 
= 6.32 Hz, lBx = 8.89 Hz, =COCH2), 4.42 and 4.46 (AB section of an ABX spin 
system, 2 H, JAB= 13.24 Hz, JAX= 2.90 Hz, lBx = 2.55 Hz, C(H)CH200C), 4.84 
(m, 1 H, (H3CO)CH), 5.27 (X section of two ABX spin systems, m, 1 H, 
(H2C)CH), 7.33-7.48 (m, 5 H, aromatics). 13C{1H} NMR (CD2Cli): 8 (major 
diastereomer) 25.98 (s, C(CN)2), 57.67 (s, OCH3), 62.13 (s, CH202C), 71.37 (s, 
=COCH2), 80.98 (s, (H2C)CH), 82.39 (s, 02CC), 112.22 and 112.56 (s, 2 CN), 
170.00 (s, =CO), 17 8.97 (s, 0-C=O), 127 .28-129 .59 (m, aromatics); (minor 
diastereomer) 25.36 (s, C(CN)2), 57.71 (s, OCH3), 62.31 (s, CH202), 71.19 (s, 
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=COCH2), 81.14 (s, (H2C)CH), 82.39 (s, 02CC), 112.22 and 112.56 (s, 2 CN), 
170.00 (s, =CO), 178.97 (s, 0-C=O), 127.28-129.59 (m, aromatics) Anal. Calcd for 
C16ll14N205: C, 61.1; H, 4.5; N, 8.9. Found: C, 60.9; H, 4.4; N, 9.0. 
3. 7. 7 Preparation of (S)-3-Phenylmethoxy-1,2-propanediol [(S)-1-
Benzylglycerol] 
A solution of benzyl bromide (96. 7 mg, 0.57 mmol) in dichloromethane was 
added to a suspension of silver triflate (0.15 g, 0.58 mmol) in dichloromethane (50 
mL) at -78 °c and the solution was stirred for 40 minutes in the dark. The mono-
protonated glycerolato complex (0.43 g, 0.57 mmol) was then added to the solution of 
benzyl triflate and silver bromide and stirring was continued in the dark at -78 °C. 
After 10 minutes, the dry-ice/acetone cooling bath was removed and the reaction 
mixture was stirred for 1 h. At the end of this period, the reaction mixture was filtered 
through Celite to remove silver bromide. Concentration of the filtrate precipitated 
[S-(R* ,R*)]-[Pt(OS02CF3)2(diph)], leaving behind 1-benzylglycerol, 1,2-, and 1,3-
dibenzylglycerol in the mother liquor. The benzylglycerol derivatives were separated 
by radial chromatography with diethyl ether as the eluent. 
[S-(R*,R*)]-[Pt(0S02CF3)2(diph)]: mp 285-287 °C dee; yield 0.44 g (96%); 
[a]o +6.7° (c 0.31, CH2C!i). Spectral and analytical data were identical to the 
bis(triflato) complex [S-(R* ,R*)]-69 described in Chapter 2. 
(S)-3-Phenylmethoxy-1,2-propanediol [(S)-1-Benzylglycerol]: Rr 0.46; 
yield 0.08 g (80%); [a]5g9 -1.90° (c 3.16, CHCl3). lH NMR (CDCl3): 8 3.36 (br, 
2 H, OH, exchanges with D20), 3.55 (m, 4 H, CH2), 3.85 (m, 1 H, CH), 4.48 (s, 2 
H, PhCH2), 7.29 (m, 5 H, aromatics). 13C{ lH} NMR (CDCl3): 8 63.75 (s, 
CH20H), 70.34, 71.37 (s, CH20CH2Ph), 73.26 (s, CH), 127 .65-137 .59 (m, 
aromatics). Anal. Calcd for C10H1403: C, 65.9; H, 7.7. Found: C, 65.8; H, 7.7. 
1,3-Diphenylmethoxy-2-propanol (1,3-Dibenzylglycerol): Rr 0.90; yield 
(trace). lH NMR (CDCl3): 8 3.51 (m, 4 H, CH2), 3.96 (br, 1 H, OH, exchanges 
with D20), 4.47 (s, 4 H, PhCH2), 4.59 (m, 1 H, CH), 7.30 (m, 10 H, aromatics). 
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13C{ lH} NMR (CDCI3): 8 69.29 (s, CH), 71.11, 73.09 (s, CH20CH2Ph), 127.48-
137.75 (m, aromatics). 
1,2-Diphenylmethoxy-2-propanol (1,2-Dibenzylglycerol): Rr 0.90; yield 
(trace). lH NMR (CDCl3): 8 3.55, 3.68 (m, 4 H, CH2), 4.00 (br, 1 H, OH, 
exchanges with D20), 4.49 (s, 4 H, PhCH2), 4.62 (m, 1 H, CH), 7.29 (m, 10 H, 
aromatics). 13C { lH} NMR (CDCl3): 8 62.83, 70.14, 72.12, 73.50 (s, CH2), 77 .99 
(s, CH), 126.95-137 .90 (m, aromatics). 
~-
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